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MAY,  1952 


II'ITRODUCTION 


Authority  This  report  is  subrnitted  under  the  provisions  of 
the  Act  approved  June  22^  193^  {h9  Stato  as  amended  and  sup- 

plementedo 

Purpose  and  Scope  of  Report  The  purpose  of  this  report  is 

to  outline  a program  for  runoff  and  waterflow  retardation  and  soil- 

erosion  preiJention  for  the  Loner  Susquehanna  River  Watershed  in 

Pennsylvania  and  Karylandj  and  to  present  recommendations  for  in*^ 

\ 

stalling  and  maintaining  the  program,  together  with  an  analysis  of 
the  costs  and  benefits© 

Pi:COT-lENDATIONS 

It  is  recommended  that  a program  for  runoff  and  naterflow 
retardation  and  soi,l<^rosion  prevention  be  installed  in  the  Loi-rer 
Susquehanna  River  Watershed  in  Pennsylvania  and  Kaiyland  during  a 
20«year  period  at  an  estimated  cost  of  16,285^000  to  the  FedeDral 
Government^  and  at  an  estimated  cost  of  $55  332,000  or  its  equi'/a.^-^ 
lent  1/  to  local  interests,  making  an  estimated  total  cost  of 

111,617,000  2A 

The  recommended  program  T>jill  be  operated  and  maintained  at 
an  estimated  annual  cost  of  $11;, 000  to  the  Federal  Governraent,  and 
$1*1165000  or  its  equivalent  to  local  interests,  making  an  estima- 
ted total  annual  cost  of  $l,130,000o 

1/  Labor,  mateiia3.s,  equipment,  land,  easements,  right s-of-^iay, 
and  other  contributions  in  lieu  of  cash  payments (<. 

2/  Based  on  pro;jected  long  term  priceso 
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It  is  estimated  that  the  recommended  program  -will  yield  an 
average  annual  benefit  of  based  .oh  projected  long  term 

prices©  The  ratio  of  the  average  annual  benefit  to  the  average  an- 
nual cost  is  3c  71;  to  1© 

The  program  herein  recommended  includes  the  intensification, 
acceleration^  and  adaptation  of  certain  activities  under  current 
programs  of  the  Departi^ient  of  Agricu.ltu.reo  and  additional  measures 
not  now  regularly  carxied  out  in  such  pro  grams  5,  all  of  which  are 
necessaiy  to  complete  a balanced  runoff  and  waterflow  retardation 
and  erosion  control  program  for  the  water shedo  It  is  recommended 
that  the  Secretary  of  Agriculture  be  authorized  to  carry  out  this 
programo  Although  the  current  activities  of  the  Department  pri- 
marily related  to  the  Flood  Control  Act  are  not  included  in  the 
program  herein  specifically  recommended^  this  program  is  based  on 
the  continuation  of  such  current  activities  at  least  at  their  pres- 
ent level© 

The  recommended  program  includes  certain  adjustments  in  land 
use  in  accordance  with  the  needs  and  capabilities  of  the  land  and 
the  following  practices  and  measures;  contour  strip  cropping^  di- 
versions and  terraces^  establishing  perennial  hay^,  outlets  and  wat- 
erwaySj)  pasture  management^  contour  furrouingu  streambank  erosion 
control^,  erosion  control  structures^  wildlife  area  development^,  ira- 
proved  forest  majiagement^  forest  planting^i  public  land  acquisition^ 
diking;,  and  stream  channel  improvementa 

Technical  services  will  be  made  available  for  planning  and 
applying  the  neressaiy  land  use  adjustments^  for  planning  and  ap- 
plying conservation  measures  on  the  watershed^  and  for  integrating 
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the  measures  included  in  the  recommended  programc  Educational  as- 
sistance,  to  facilitate  the  establishraent  of  measures  on  a subwat- 
ershed basis*,  will  be  provided  as  a part  of  the  recommended  pro- 
gram© 

The  Secretary  of  Agriculture  may  make  such  modifications  or 
substitutions  of  the  measures  described  herein  as  may  be  deemed  ad« 
visable  due  to  changed  physical  or  economic  conditions  or  improved 
techniques  whenever  he  deterriiines  that  such  action  will  be  in  fur- 
therance of  the  objectives  of  the  recommended  program© 

The  authority  of  tlie  Secretary  of  Agriculture  to  prosecute 
the  recommended  program  shall  be  supplemental  to  all  other  authori- 
ty vested  in  him,  and  nething  in  tlxLs  report  shall  be  construed  to 
limit  the  exercise  of  powers  heretofore  or  hereafter  coiif erred  on 
him  by  law  to  carry  out  any  of  the  measuu’ss  described  herein  or  any 
other  measures  that  are  similar  or  related  to  the  measures  described 
herein© 

The  Secretary  of  AgricifLture  may  construct  such  buildings  and 
other  improvements  as  are  needed  to  cany  out  the  measures  included 
in  the  recommended  program© 


- •DESCRIPTION  OF  WATERSHED 

The  Lower  Susquehanna  River  Watershed  discussed  in  this  re- 
port coirprises  that  portion  of  the  total  basin  from  Harrisburg, 
Pennsylvania  on  the  main  river  to  its  mouth  on  Chesapeake  Bay©  The 
drainage  area  in  this  segment  is  square  miles  tath  about 

93  percent  in  Permsylvania  and  7 percent  in  Maryland©  The  area  is 
about  100  miles  from  east  to  west  and  70  miles  from  north  to  south 
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at  the  extreme  dimensionso  Ninety«five  miles  of  the  main  streaia  and 
seven  m.ajor  tributaries  are  Included  in  this  portion  of  the  main 
basinc  Swatara-  Conestoga<j  and  Octoraro  Creehs  enter  from  the 
eastern  side  of  the  iiatershed^  while  Yellow  Bi'eeches.  Conodoquinetj> 
West  Conex^rago^  and  Godorus  Creeks  enter  from  the  west©  The  drain-* 
age  areas  of  these  tributaries  range  in  size  from  210  to  5?0  square 
mile 3 o 

The  watershed  area  is  entirely  included  in  two  physiog::,'’aphic 
provinces 5 the  Appalachian  Valley  and  Pddge  Province  and  the  Piedmont 
P Jicvt  e au  3 

The  Valley  and  Ridge  portion  in  the  northern  part  of  the 
watershed  is  characterized  by  mountainous  ridges  alternated  ivith 
wide  limestone  valleys®  Soils^  developed  on  shales  and  sandstone 
occur  on  the  upland  areas®  Gully  and  sheet  erosion  are  moderately 
severe  and  runoff  is  fairly  rapid-  Limestone  soils  occur  in  the 
valleys  between  the  shale  and  sandstone  ridgeso  These  soils  are 
deep^  medium  texture d^,  and  well  di’ainedo  Fertility  is  high  and  the 
area  is  well  knoim  for  its  agric'ultm-’al  production*  G'ull^’'  and 
sheet  erosion  are  severe  where  long  slopes  are  used  for  intensive 
tillage o 

The  Piedmont  Plateau  section  in  the  southern  part  of  the 
watershed  is  generally  rolling  to  hiilj^®  Soil  development  has  tak-» 
en  place  on  a i/jide  variety  of  rocks  including  gneisses^  schists  and 
quar’bsites  as  well  as  shales  and  sajidstonesc?  The  soils  are  gener- 
ally deep,  medium  textured  and  ha\"e  good  infiltration  rates©  Soil 
erosion  ranges  from  moderate  to  severe,  since  most  of  the  farming 
is  on  rolling  topography© 
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The  total  annual  precipitation  ranges  from  3S  to  h$  inches# 
Tliis  is  distributed  almost  evenly  throughout  the  year^  with  no 
month  or  season  showing  a marked  excess  over  the  others© 

About  66  percent  of  the  area  is  openland^  2?  percent  is  for- 
est land,  and  the  remaining  7 percent  is  urban^  roads,  and  watero 
Of  the  openland  1,5335^00  acres  are  in  farms  and  128,600  acres  in 
non-farm  cwnerstiipo  Of  the  forest  land  216^000  acres  are  in  farms, 
381,200  in  norbfami  private  o'jner-ship,  and  88,200  acres  in  public 
ownership o There  are  approximately  25,200  farms  in  the  watershed© 
The  papulation  of  the  watershed  in  19^0  was  estimated  at 
798,000©  The  largest  cities  are  Earrisburg,  Lancaster,  and  York, 
all  in  Pennsylvania©  Transportation  facilities  are  excellent  and 
industry  is  well  developed#  Major  industries  include  steel,  lime- 
stone quarrsung  and  processing,  insulation,  farm  equipment,  paper 
and  wood  fibre© 

Agriculture  is  highl.y  developed  vdth  excellent  markets© 
Livestock  and  poultry-  production,  dair^’-ing,  vegetable  crops,  tobac- 
co culture  and  production  of  apples  and  peaches  aue  the  raain  farra 
enterprises©  Most  farms  are  OTmar-operated  and,  generally,  agri- 
cultural production  is  high©  Lancaster  County,  in  the  limestone 
section  of  the  watershed,  is  among  the  first  ten  counties  in  the 
United  States  in  value  of  total  production^ 

FLOOD.  SEDIMENT.  Ai®  SROSIOxN  PROBLEMS 

Major  flood  damages  have  occurred  on  the  main  stem  of  the 
Susquehanna  River  but  hydrologic  investigations  ind.lcate  that  no 
significant  reduction  in  flood  crests  could  be  claimed  as  a result 
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of  the  remedial  program  on  the  LoTjer  Susquehanna  River  Watershed^ 
so  these  damages  nere  not  evaluatedo 

Flood  damages  on  the  ma^'cr  and  minor  tributaries  of  the  wat- 
ershed are  of  frequent  occuri’enceo  On  some  of  the  small  tributaries^ 
losses  are  an  aroiual  occurrence®  Floods  usuall7  occur  in  the  spring 
and  early  surrmer,  and  the  losses  sustained  are  mainly  to  highways^ 
growing  crops  and  pasture o 

Severe  localised  floods such  as  cccuorred  in  Sei^tember  19^0 
on  Deer  Creek  and  in  September  19^1  on  ''I'-ittapahilla  Creek^  are 
usually  caused  by  intense  local  storr.is  that  do  not  create  flood 
flows  on  the  major  tributaries c 

Heavy  stcrras  of  several  da^^s*  duration^  covering  the  entire 
watershed  area^  cause  the  greatest  amount  of  dari^-gea  The  floods  of 
September  1933^  March  1936^  and  May  I9I4.2  are  typical  of  this  t^rps® 
Other  damages  caused  by  floods^  while  not  evaluated  in  mone- 
tary terms  in  thJ.s  report^  include  loss  of  life^  illness^  j.nsec'uri- 
ty  of  property  and  income^  disruption  of  public  services^,  and  dis- 
turbance of  the  normal  economic  and  social  activity  of  the  popula- 
tionc 


Damages  caused  by  sedimentation  occur  minly  as  incrvsased 


Diaintenance  costs  for  liighways|  decreased  agricultural  production 
on  the  bottomland  of  some  of  the  small  tributaries^  and  increased 
water  treatment  costs o Highway  maintenance  costs  ai-e  affected  by 


sediment  deposition  in  cul'v^rtsg  ditcheSj  under  highwaj^  bridges^? 
and  on  the  hij^away  suirface®  The  impaiimient  of  highway  chrslnage 
systems  fueauanbly  res’ilts  in  washouts  and  other  deiiiages  to  iiigb.- 
ways^  Sediinenwation  damage  is  greatest  when  stcvnas  occur  during 
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the  early  grcr/iing  season  when  there  is  insufficient  protective  cov- 
er© Deposits  of  sediment  in  low  gradient  stream  cliannels  also  con- 
tribute to  flood  damage  by  reducing  the  capacity  of  these  channels© 

Soil  erosion  in  the  Lower  Susquehanna  River  Watershed;}  in 
addition  to  causing  sediment  damages^  seriously  affects  land  pro- 
dLictivity  and  crop  production  costs©  Based  on  the  present  rate  of 
soil  erosion^  the  annual  loss  from  reduced  3*ields  and  increased 
production  costs  necessary  to  prevent  ^tLeld  declines  is  an  estimated 
$2,031;}900, 

Other  damages  resulting  from  erosion  and  sediment^  but  not 
evaluated  in  monetary  terms  in  this  report^  include  reduced  aquatic 
life  in  streams^  reduced  ability  of  streariis  to  assimilate  dis- 
charges of  municipal  and  industrial  pollutionj  and  the  adverse  ef- 
fect on  recreational  values© 

Average  annual  damages  are  shoi-jn  in  table  1©  These  damages 
do  not  include  those  which  vjill  be  prevented  by  current  or  author- 
ized programs  of  public  agencies o 
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Table  1«  Estimated  Average  Annual  Monetary  Damage  1/ 
Lower  Susquehanna  Rd.ver  Waterslied  '** 


T;^e  of  Daraage 

Average  Annual  Damage 

(dollars) 

Damage  Due  to  Inundation 

Agricultural 

27,300 

Non-A  gri  ctiltural 

196 -goo 

Subtotal 

223,800 

Damage  Due  to  Sediment 

Channel  Sedimentation 

li3,100 

Highway  Sedimentation 

6)4,000 

Water  Supply  Pollution 

7,700 

Reservoir  Sedimentation 

105>OQQ 

Subtotal 

12Us800 

Damage  Due  to  Erosion 

TOTAL  AVERAGE  AMUAL  DAIA® 

2,380,500 

\/  Based  on  projected  long  term  prices* 


ACTIVITIES  FLOOD  CONTROL 

Tho  Department  of  Agriculture  is  actively  cooperating  with 
state  and  local  agencies  in  carrying  out  programs  for  the  conserva- 
tion of  soil,  water,  and  timber  resources  in  the  watershed® 

The  Forest  Service  cooperates  with  state  forestry  agencies 
in  providing  protection  from  forest  fire,  in  mald.ng  tree  seedlings 
available  for  reforestation,  and  in  providing  technical  services  to 
assist  owners  in  proper  management  of  forest  lands®  In  recent 
years  the  state  fire  protection  organizations  have  provided  protec- 
tion that  is  considered  adequate  for  flood  control  purposes® 
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The  Production  and  Marketing  Administration^  with  its  Agri** 
cultural  Conservation  Progi’am  of  direct  aids^  offers  financial  as'»* 
sistance  to  farmers  for  carr^^’ing  out  seal  and  water  conservation 
practices© 

The  Department  also  cooperates  with  State  Ehetension  Services 
and  Experiment  Stations  in  educational  and  research  work  in  the 
conservation  of  soil  and  water  re sources. 5 

The  Soil  Conservation  Seradee  is  assisting  soil  coriservation 
districts  in  the  application  of  soil  and  water  conservation  practi- 
ces and  measures  on  farm  lands© 

ill  though  the  primar;^^  purpose  of  these  conservation  programs 
in  this  watershed  has  been  the  maintenance  of  soil  resources  and 
improvement  of  crop  and  timber  yields,  they  have  produced  some 
flood  control  benefits# 

The  present  annual  Federal  cost  of  those  portions  of  the  De« 
partment*s  "going**  pregra'-as  which  produce  some  flood  control  and 
associated  bexiefits  is  approximately  J|?l[li;j.200© 

Flood  control  works  of  improvement  on  Cedorus  Creek,  con- 
sisting of  the  Indian  Rock  Dam,  and  improvements  to  CodoriJis  Creek 
Channel  have  been  installed  by  the  Department  of  the  Ari'iiy,  Corps  of 
Engineers©  This  project  was  authorized  by  the  Flood  Control  Act 
approved  J'urio  22,  as  ajfiiended  and  supplemented^  Indian  Rock 

Dam  is  located  on  the  main  branch  of  Codorus  Creek  about  3 miles 
above  lo3fk,  Pennsyl'\?aniaa  The  reseinroir  will  contn^l  the  entire 
drainage  area  of  the  main  branch  and  IfL  percent  of  the  drainage 
area  aboi,’^  Ya-rka  The  improvemeiits  to  Codorus  Creek  channel  are  in 
the  vioiniby  of  and  through  the  city  of  York  and  will  provide 
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protection  to  the  city  against  a f3.ood  discharge  approxi^nately 
33  percent  greater  than  the  maxira’JJm  flood  of  re  cord©  The  program 
herein  recommended  irill  supplsment  these  improvements  in  further 
alleviating  flood  damages  on  the  Codorus  Greek  iJatershedo 

Soil  coi'xser nation  districts  have  been  organized  under  state 
laws  in  all  counties  of  the  watershed  i^dth  the  exception  of 
Schuy?i.kill5  Daupidn^  and  Cumberland  Counties  in  Pennsadvaniao  A 
program  of  soil  and  water  conservation  and  land  management  on  farm 
lands  is  being  developed  by  these  districts u 

Almost  11  percent  of  the  forest  land  is  in  the  form,  of  p^^b"• 
lie  forestsj  parks^  and  gam.e  lands  and  is  adiiinistered  bja  state  or 
other  public  agencies®  Approximately  one  percent  is  undei*  Federal 
ownership  as  part  of  the  Indiantomi  Gap  Military  Reservation^  In 
general both  present  management  and  protection  from  f3.rs  and  graz- 
ing on  these  areas  are  satisfactory  for  water  retardation  purposes© 
The  city  of  York  has  under  construction  flood  control  works 
of  improvement  consisting  of  channel  improvement  and  diking  on  a 
tributary  of  Codoi'us  Creek© 

The  benefits  of  the  program  herej.n  recommended  do  not  in-- 
elude  any  of  the  benefi'bs  accruing  as  a result  of  these  related  ac« 
tivities© 

Rli:CO?#'IEMDED  PROGRAM 

The  Tv? commended  program  for  mmoff  and  water-flow  retardation 
and  soil-^rosior  p:ix-‘\^ention  includes  certain  land  use  adjustments 
in  accori.ince  with  the  needs  and  capabilities  of  tlie  land  and  the 
following  practices  and  measure ss 
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Corxtour  Strip  Cropp:i.ng: 

The  prex'tice  of  growing  hay  or  close  gro>jing  and  soil 
conserving  crops  in  contour  strips^  alternating  T'dth  clean 
tilled  or  sorl.l  depleting  crops will  be  applied  on  appro:d.=- 
inately  566^.  ?00  acres  of  croplands  Contour  tillage  opera-- 
tions  in  conyonction  with  contour  strip  cropping  will  pro- 
vide appreciable  surface  fistenticn  storage  for  runoff o Such 
a system  will^,  in  addition-,  keep  at  least  half  the  sloping 
cropland  in  erosion  resisting  crops  at  all  timesp  lessen  the 
amount  and  velocity  of  runoff  and  the  concentration  of  water 
in  gullies  or  channels^  thereby  reducing  flood  peaks  and 
soil  losses  by  erosion^ 

Divar o’^-'^^lid^errac^ 

Approximately  2^600  miles  of  di, versions  and  terra<3es 
will  be  installed  to  provide  for  intercepting  surface  runoff 
from  sloping  land  and  carry  it  in  properls?'  designed  and  con- 
structed channels  across  the  slopes  to  an  out3.et  or  water- 
way c.  Terraces  •v'lill  be  installed  on  the  more  mod.srately  slop- 
ing lands  wdoh  short  rotations o Diveruslons  wdll  be  instaXLed 
on  the  steeper  slopes  and  in  conjunction  with  less  intensive 
rotations^  The  installation  of  these  measures  will  furnish 
protection  fron;  dam.aging  runoff  to  the  lands  lying  imr:iedi- 
avtely  t^low  and  will  significantly  reduce  erosion  and  sedi- 
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Establlshin,^  Perennial 

Approximately  3O58CO  acres  of  perennial  grasses  and 
legumes  will  be  estab3.ished  to  protect  land  not  suitable  for 
row  crops  and  to  protect  such  rtBasures  as  d3. versions,  and 
cutlets  and  wateiwaysc  The  success  of  this  measure  depends 
on  the  quality  of  the  stand  secure do  Proper  fertilization, 
therefore,  is  a definite  part  cf  the  measure  designed  to  se« 
cure  an  erosion-resisting  crop.  This  measure,  by  increasing 
the  infiltration  rate,  will  reduce  runoff  and  flood  damage 
and,  by  protecting  other  measures,  xd.ll  reduce  damaging  gul- 
ly erosion  and  resulting  sedimentation© 

Cutlets  and  Waterx'jays 

Adequate  systems  for  the  disposal  of  runoff  xijater  are 
a necessary  part  of  the  program  to  reduce  floodwater  and 
sediment  carriO-geo  Approximatej.y  2,300  acres  of  outlets  and 
watermrayc  mil  be  established  to  provide  for  the  safe  dis«* 
posal  of  runoff  from  terrace  and  diversion  systems©  This 
■will  result  in  reduced  gully  erosion  and  sediment  produce 
tion®  The  outlets  and  waterways  x-jill  be  vegetated  and  wij.l 
include  broad  meadow  strips  and  constructed  channels©  Sup'* 
porting  structures,  required  as  a part  of  the  disposal  sys« 
tern,  are  described  in  another  paragraph© 

Pasture  Management 

Pasture  managem.ent,  consisting  of  mowing  to  remove 
weeds  and  mature  grasses,  the  scattering  of  droppings,  and 
the  control  of  grazing  intensity,  xdll  be  applied  on 
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approximately  109^600  acres  of  pasture  so  that  the  improved 
vegetative  cover  will  increase  infiltration  and  reduce  nan- 
off®  Fences  mil  be  used  to  facilitate  the  control  of  graz- 
ing intensityo  Brush  or  other  obstructions  to  moxiing  will 
be  removed  where  feasible© 


Contour  Furrows 

Level  furroxjs  or  small  level  terraces  xvdll  be  in- 
stalled on  approxiriiately  6^000  acres  of  pasture  land©  The 
furrows  mil  be  spaced  and  constructed  so  that  approxiraately 
one-half  inc±i  of  inmoff  will  be  held  in  detention  storage© 

In  addition  to  reducing  runoff,,  the  installation  of  this 
measure  mil  control  erosion  on  sediment  source  areas© 

Streambank  Erosion  Control 

Approximately  62_n^-les  of  eroding  streambanks  aliong 
minor  x-ributaries  will  be  controlled  by  the  use  of  riprap 
and  slirub  plantings*  Livestock  will  be  excluded  by  either 
mre  or  multiflcra  rose  fence©  The  establishment  of  this 
measure  mil  halt  the  destruction  of  fertile  bottomlands  and 
will  reduce  the  quantity  of  sediment  getting  into  the  streams© 


Erosion  Control  S~^actures 

Approx-lmately  6^900  erosion  control  structures,  in- 
cluding small  check  dams,  gully  structures,  and('"culvert^/"'’^ 
will  be  installed  as  part  of  the  water  disposal  ^stem  or 
for  gully  stabilizatioHo  Concentration  of  runoff  requires 
special  erosion  control  structures  to  protect  the  channels 
or  natural  drainageways  fro!>i  gullying  and  to  furnish 
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protection  to  railroad  and  highway  ditcheso  New  and  larger 
culverts  will  be  necessary'  to  discharge  runoff  safel^r  under 
railroad  and  highway  fillso  The  establi slime xit  of  this  meas- 
ure will  reduce  the  rate  of  gaily  erosion  in  existing  drain- 
ageways  and  pemit  ‘the  installation  of  adequate  water  dis- 
posal systems  which  will  materially  reduce  sheet  and  gully 
erosion  on  the  fields  protected^ 

Wijjlife Area  Development 

Small^  irregular  and  inaccessible  areas^  as  well  as 
narrox’j  strips  of  land  along  field  borders  often  left  idle^ 
are  serious  erosion  problems  and  are  usually  runoff  and 
sediment  sourcese  Approximately  acres  will  be  sta- 

bilized by  planting  and  protection®  The  stabilization  of 
these  areas  will  reduce  erosion  and  sediment  production  and 
provide  wildlife  cover®. 

^ Forest  Management 

Management  activi.ties  wi.ll  be  intensified  on  all  for- 
est land  in  the  w^atershed  for  the  primary  pa,jpose  of  inprov- 
njig  i’bs  hydrologic  condition®  Under  these  improved  con-ii- 
tions^  infiltration  rates  will  be  higher^p  detention  capacity 
will  be  increase d^  and  the  area  of  occurrence  of  imp erme ably 
frozen  soils  will  be  redu-ced®  These  changes  will  result  in 
reducing  both  soil  erosion  and  the  production  of  excess  run- 
off and  sediment  from  forest  lands -3 

In  addition  to  bettering  hydrologi.c  conditions^  im- 
proved management  of  forest  lands  will  increase  the  growth 
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and  stocking  and  toJ-I  iiltimately  provide  higher  and  more 
sustained  income  from  these  lands o Such  returns  will  even-* 
tuallv  be  more  than  sufficient  to  offset  the  costs  to  the 
participating  forest  land  owners® 

The  program  will  consist  of  assistance^  instructi.on 
and  demonstration  in  pla:oning  and  appljdng  good  management 
practices;,  where  needed^  on  the  forest  land  area  of  72I58CO 
acres®  Items  which  will  be  included  ares  assistance  in  the 
de^^opment  of  plans  outlining  the  steps  necessary  to  oper- 
ate forest  lands  efficiently  and  economically  while  inte- 
grating watershed  management  and  timber  production  objec-  , 
tivesj  assistance  in  the  sei^ption  of  trees  to  be  harvested 
to  im.prove  both  the  condition  of  tiie  residual  stand  and  the 
quality  of  the  marketable  products | advice  and  assistance  on 
log^ng  methods  which  cause  the  least  distrubance  to  forest 
soils  and  drainageways^?  including  the  proper  installation  of 
logging  rcais  and  skid  trails | ad\ice  and  assistance  in  cor- 
recting unsa'tisfactor^r  conditions  on  existing  roads  and 


trails  which;a  because  of  poor  location  and  inadequate  drain-^ 
agGj,  ar’S  sor.rces  of  aggravated  runoff  and  sedimentation;  as- 
sistance  in  protecting  forest  areas  from  livestock  graaing 
\ which  reduces  the  organic  matter  and  cospaets  the  soil  of 
forest  land.3;,  thereby  reducing  seriously  tliolr  infiltration 
and  water-ho!l.di.ng  capacity® 


Although  improved  management  is  needed  in  some  degree 
on  the  entii’e  forest  area^  not  all  of  the  measures  discussed 
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abovo  uill  be  needed  on  every  acre*  The  following  approzi- 
mate  cunounts  are  racoraniendeds 
Management  plans 
Tirnber  marking 
Utilization  service 
Logging  road  stabilization 
Protection  from  grazing 

Forest  Planting 

The  program  of  land  use  adjustments  includes  the  con- 
version of  52^800  acres  of  openland  to  forest  land  by  tree 
planting  or  nat^aral  reseeding*  Approxi:nately  26^900  acres j 
which  are  not  eixpected  to  restock  naturally  Tclthin  a reason- 
able length  of  time^  will  be  planted  to  trees 0 Establish-* 
ment  of  a forest  cover  on  these  lands  will  rl.nr.rease  infil- 
tration rates^  enlarge  soil  moisture  storage  capacity^  and 
reduce  the  present  rate  of  sediment  production®  Approxir* 
mately  21^^900  acres  of  private  land  and  abo'ut  S^QQO  acres  of 
land  to  be  acquired  by  public  agencies  will  be  planted^ 


IJ.2O5COO  acres 
310^000  " 
6i;0^000  » 

500^000  " 

12^000  » 


Public  Land  i^Ciquisition 

Approximately  5^000  acres  of  flood  source  areas  in 
the  headwaters  will  be  placed  in  pub3.ic  omershipo  These 
formerly  we]l  foiested  areas  have  been  so  abused  that  they 
need  major  rehabilitation  to  restore  the  watershed  cover  for 
effective  runoff  and  sediment  controla  Because  of  low  pra^« 
ductiv^-ty  and  the  low  returns  to  be  expected  from  this  land 
for  many  years j proper  management  for  either  watershed 
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protection  or  tiraber  production  is  not  an  attractive  invest- 
ment for  private  capitalo  Public  ounership  is  an  essential 
first  step  for  insuring  the  installation  of  rehabilitational 
measures  and  pro-viding  the  necessary  continuity  of  manage- 
ment© The  land  id.ll  be  acquired  through  voluntary  sales  in 
accordance  mth  crJ-sting  state  policyo 

Diking 

One  and  seven-tenths  miles  of  diking  mil  be  con* 
structed  to  provide  protection  from  iiiundation  to  va.luable 
bottoird-and  and.  to  such  improvements  as  highways  and  farm 
buildings  where  liridtation  of  rd.ghts-of-ways  and  gradients 
prohibit  the  use  of  channel  improvementc  Floodways  i-dll  be 
provided  to  safely  carry  flood  discharges  of  design  frequen- 
cys 

i^pproximately  10l|.  miles  of  stream  channel  mil  be  im- 
pv’oired  GO  rsduce  the  damages  resulting  from  inundation  of 
valuable  bottomlands,  .furnish  flood  protection  for  hj.gh— 'value 
impro';/ements^  -such  as  fam  buildings^  and  provide  outlets 
for  drainage  works©  The  discharge  capacity  of  stream  chan-^ 
nels  will  be  .increased  by  the  removal  of  debris  and  sediment 
deposits^  cleaicing  and  snagging,  realigriment  and  bank  slop- 
ing© 

Landovjners  and  operators  and  others  in  the  watershed  will  be 
furnished  educational  assistance  relative  to  the  need  for  the  rec- 
ommended program  and  i'ts  purposes  and  obosctives©  Information  will 
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be  supplied  as  to  the  manner  in  which  landoT'jners  and  operators  now 
obtain  servn.ces  and  assistance  that  are  available  tlirough  the  'rari- 
ous  governmental  agencies^  and  how  they  can  and  should^  by  their 
c^m  efforts^  contribute  successfully  and  most  economically  to  the 
accomplishment  of  the  over-’-all  objectiveso  Intensified  educational 
efforts  will  be  directed  to  familiarizing  farmers  Tdth  tlie  specific 
practices  and  raeasuies  essential  to  runoff  and  waterxlow  retardation 
and  soil*-;erosion  prevention^  how  to  install  those  measures  not  rs-'» 
quiring  the  detailed  assistance  of  a specialized  technician^  how  to 
maintain  them^  and  how  to  integrate  them  into  the  soundest  farming 
s;>^stem  to  produce  the  greatest  benefit  over  a long  period  of  truas© 
The  Department  is  committed  to  a watershed  and  subwatershed 
approach  in  carrying  out  the  recommended  prograito  It  is  essential 
that  educational  assistance  provided  under  this  progrcam  be  directed 
toward  ivirthering  the  specific  objectives  of  floodxjater  and  sedi-* 
ment  damage  rodurtdon  and  that  it  be  fitted  as  to  method  and  syn- 
chronizatj.on  into  srlwatcrshed  operations  activities© 

Technical  cevvi.ces  will  be  provided  for  (l)  planning  and  ap— 
plj^’ing  improved  foi-est  management  practices  for  vjatershed  protec'^ 
tion^  (2)  planning  and  applying  land  use  adjustments^  (3)  planning 
and  applying  conservation  measures  on  the  farm^  and  (If)  integrating 
the  installation  of  indivicual  measures  into  a proper  combination 
to  aciiieve  the  most  effective  program  of  runoff  and  waterflow  re— 
tardation  and  soil«ercsion  prevention^  These  seivices  are  required 
to  assist  the  people  5.n  the  watershed  in  installing  the  recommended 
measures  on  their  land  and  in  adopting  the  recommended  practices 
for  their  farm  and  forest  land  operations^. 
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The  quantities  of  measures  included  in  the  recommended  pro- 
gram are  based  on  total  watershed  needs  less  the  estimated  accom^ 
plishments  under  -'going*'  programs  over  a 2C«year  period®  Reduc«> 
tions  in  the  acreages  of  clean  tilled  and  small  grain  crops  and 
acreage  increases  in  managed  pasture^  perennial  hay  crops^  and  farm 
forest  lands  will  result  from  the  installation  of  the  recommended 
programc 

COST  OF  RECOM^JKDED  PR0GRAI4 

I nw  ni<  iiiif  if  r— > 11^1 

The  estimated  cost  of  installing  the  recommended  program  in 
the  Lower  Susquehanna  River  Watei-shed  is  shoxmi  in  table  2o 

The  Federal  Government  -will  bear  approximately  lii®8  percent 
of  the  total  installation  cost  for  te clinical  services^  3»1  percent 
for  educational  assistance^  33o3  percent  tjpr  direct  aids-  and  2o? 
percent  for  the  administration  of  direct  aids®  Ncn^»federal  public 
agencies  t'dll  bear  approximately  Id  percent  of  the  total  installa- 
tion cost  for  technical  service 3 el  percent  for  educational  as sis- 
tance,  and  2*1  percent  for  direct  aids&  Private  interests  will  bear 
the  remaining  59o6  percenb  of  the  total  installation  cost  of  the 
recommended  progi'-am^ 
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Table  2«  Estiinated  Cost  of  Installing  the  Recommended  Program 
Lower  Susquehanna  River  Watershed 
(Projected  Long  Term  Prices) 


Measure 

j i 

Unit  j Quantity  j Total  Cost 

J-e 

Contour  Strip  Cropping 

Acres 

566,700 

(dollars) 

990^000 

/I 

2c 

Diversions  and  Terraces 

Miles 

2^600 

l^Ohl^COO 

‘h  ■ , 

3c 

Establishing  Perennial  Hay 

Acres 

30,800 

1,1*70,000 

1 

h. 

' 

Outlets  and  Waten^ays 

Acres 

2,300 

560^000 

5o 

Pasture  Management 

Acres 

109^600 

1,695,000 

6c 

Contour  Furrows 

Acres 

6^000 

96^000 

1 u 

7o 

Streambanic  Erosion  Control 

Miles 

65 

795,000 

8c 

Erosion  Control  Structures  | 

Noo 

6^900 

2^761^5,000 

un^ 

9o 

Wildlife  Area  Development  j 

i 

Acres 

35,1*00 

709^000 

r>  0 

10« 

! 

Inproved  Forest  Managem.ent  | 

Acres 

721.600 

613,5  000 

11c 

Forest  Planting  j 

Acros 

26^900 

1*89,000 

12  o 

r 

Public  Land  Acquisition  | 

i 

Acres 

‘^WCOO 

J 

26j00Q 

13 

I 

Dildng  ! 

1 

Miles 

lo7 

285,000 

/ ij  •/) 

11*0 

1 

Stream  Channel  Improv3m*ent  j 

Idles 

lOU 

' ( 

TOTAL  I 

j ! 

! 

L— 

11, 617^000 

The  costs  of  administration  of  direct  aids^  technical  servi- 
cesj  and  educational  assistance  are  included  in  the  above  costso 
Of  these  amounts,  non=^federal  public  agencies  will  bear  one=-half 
the  cost  of  technical  services  on  privately  owned  forest  land® 

The  estimated  average  annual  cost  of  operating  and  maintain- 
ing the  recommended  program  is  (?1'L,130^000*  The  Federal  Government 
will  bear  approximately  1,3  percent  of  this  annual  maintenance  cost 
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to  provide  technical  services  necessaiy  to  assure  proper  use  and 
conservation  and  raanageriient  of  Isndso  State  and  3.ooal  governments 
x^!•ill  bear  approximateH.y  lelj.  percent  of  th?Ls  cost^,  and  private  iju-^ 
terests  will  bear  the  remaining  9?o3  percento 

BEIM^IT  FhOM  RECOMISNDED  PROGR^ 

oMaaKJiWJBMaaCX'  jr  -y-v— Tf--i''-*irw-#rw"* — ^ n-CirtriWi-  n (tiOdkOmC 

The  estimated  average  annual  monetary  benefit  resulting  from 
the  recommended  prog'ram  when  it  attains  ma:;:imuia  effectiveness  is 
shoam  in  table  3® 

In  addition  to  the  benefits  listed  in  table  3$  there  are 
many  unevaluated  benefits^  such  as  savr-ng  of  life  and  allevia.ting 
mental  distress^  improving  coriVfiunity  organizations  and  facili.tios^i 
maintaining  and  increasing  the  tax  base^  iriiproxdng  recreational 
values.,  and  increasing  fish  and  game  producbioiio 

Eased  on  projected  long  term  prices,,  the  ratio  of  the  aver*» 
age  annual  benefit  to  the  average  annual  cost  of  the  recommended 
program  is  3'/ih  to  io 
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Table  3®  Estimated  Average  Annual  Monetary''  Benefit 
From  the  Recommended  Program 
Lon'er  Susquehanna  River  Watershed 


Type  cf  Benefit 


Reduction  in  Damage  Due  to  Inundation 
Agricultural 
Non-»Agricultural 
Subtotal 

Reduction  in  Dama^  Due  to  Sediment 
Channel  Sedimentation 
Highway  Sedimentation 
Water  Supply  Pollution 
Reservoir  Sedimentation 
Subtotal 

Reduction  in  Damage  Due  to  Erosion 
Land  Enhancement 
O'ther  Benefits  l/ 

Increased  Crop  Production 
Increased  Pasture  Production 
Increased  Woodland  Production 
Savings  in  Production  Costs 
Subtotal 
TOTAL 


Average  Annual  Benefit 
(dollars ) 

I;,  000 

39,300 

12^300 

30^100 

hs900 

8.200 


2^i4i2.200 

596.200 

692^100 

5k3.500 


55,500 

2,031.900 

iUl.ooo 


iihSZki.922' 
6,lilil!.5  700 


Benefits  which  accrue  to  the  oi'jners  and  operators  of  the  land 
on  which  the  recommended  program  is  installedr- 
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The  Loxirer  Susouehanna  Pdver  l/aterclied  is  that  area  drained  by 
the  Susouehanna  River  from  Harrisburg,  Pennsylvania,  to  the  Chesa~> 
peake  Bay*  This  drainage  area  is  approximateljr  3j9hh  souare  miles 
of  which  approxiraatel^r  93  percent  is  in  the  state  of  Pennsylvania, 
and  the  remainder  in  Mai^'^land,  Eleven  counties  in  Pennsylvania  and 
four  in  Marj’’land  are  wholly  or  partly  within  the  watershed.  The  area 
^ 'is  approximately  100  miles  from  east  to  west  and  70  miles  from  north 
to  south  at  the  widest  ]pcints. 

Seven  major  tributary  streams  enter  the  Susquehanna  River  between 
Harrisburg  and  Chesapeake  Bay,  Those  entering  from  the  eastern  side 
of  the  river  are  Swatara,  Conestoga  and  Octoraro  Creeks^  those  from 
the  west  are  Yellow  Breeches,  Conodoguinet,  West  Conewago,  and  Godorus 
Creeks©  The  drainage  areas  of  these  tributaries  range  from  approxi- 
mately 210  square  miles  to  570  square  mileso  The  topography  is  general- 
ly  steep  and  mountainous  in  the  northern  portion,  gentl3?-  rolling  or 
nearly?"  level  in  the  central  area,  and  moderately  or  steeply’-  rolling 
in  the  southern  portion  of  the  watershed* 

CLUiATE 

The  watershed  of  the  Lower  Susquehanna  is  svibject  to  both  con- 
tinental and  marine  climo-tic  influences.  It  experiences  a climate 
intermediate  between  that  of  the  mountain  or  upland,  tropical  of  the 
Upper  Susquehanna  drainage  and  that  climate  found  directlj?-  on  the  coast© 

c ; 
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Sunimers  in  this  area  liave  large  numbers  of  waimi  to  hot  clays^  thovigh 
physically  oppressive  weather  is  us^aally  due  to  the  high  humidity  or 
moist  air  m^asses  which  enter  this  region  in  summer  to  remain  for  sev- 
eral days#  Lack  of  air  movement  during  these  humid  air  invasions  fre- 
cuently  intensifies  the  oppressive  condition.  Winters  in  this  area 
can  be  classed  as  moderate.  At  Harrisburg,  temperatures  of  zero  Fah- 
renheit occur  on  the  average  but  one  winter  in  three.  Snowfall  is 
moderate,  the  total  annusd  fall  averaging  about  30  inches  but  the 
ground  (except  at  higher  and  more  protected  sites)  is  snoTj-covered 
only  about  one-third  of  the  time  during  the  winter  season.  Consider- 
able area  of  the  Lower  Susouehanna  Watershed  has  a growing  season  of 
180  to  200  days# 

The  total  annual  precipitation  (rain  and  melted  snow)  in  the 
Loxiier  Susquehanna  Watershed  averages  from  38  to  inches#  Figure  2 
shows  the  average  monthly  precipitation  at  six  locations  in  the 
watershed# 

The  Lower  Susquehanna  River  Watershed  is  in  the  path  of  many 
of  the  cjT-clonic  disturbances  that  cross  the  continental  United  States 
from  west  to  east  with  the  interaction  of  air  masses.  Precipitation 
associated  with  such  frontal  disturbances  may  reach  flood  proportions 
from  mxore  than  one  t3qpe  of  air  mass  relationship.  Precipitation  of 
moderate  intensit^^,  but  covering  thousands  of  square  miles,  is  asso- 
ciated with  a warm  front.  When  such  a front  moves  slowly’’,  or  remains 
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virtually  stationary  over  the  watershed,  the  moderate  intensity  rain- 
fall may  continue  for  a period  of  days  as  warm,  moist  air  is  forced 
to  rise  over  a wedge  of  colder  air  until  it  loses  its  moisture  in 
the  form  of  raino  Basin-wide  floods  are  invariahly  associated  with 
such  stagnant,  warm  front  rains* 

The  passage  of  a cold  front  across  the  watershed  is  likely  to 
generate  thunderstorm  conditions  at  a number  of  points  along  the  fronts 
The  intensity  of  a thunderstorm  is  related  to  the  severity  of  the  re- 
action between  the  advancing  mass  of  cold  air  and  the  nearly  station- 
ary mass  of  warm  air  containing  large  quantities  of  precipitable  mois- 
ture® If  the  reaction  is  strong,  rainfall  intensities  will,  reach 
several  inches  per  hour  but  the  storm  duration  will  be  but  a fex-j  hours 
at  most  3 The  area  covered  by  a single  important  tlronderstorm  may  be 
less  than  100  square  miles  but  xjithin  that  area  the  high  intensity 
precipitation  (both  rain  and  hail)  may  produce  high  streamflow  and 
flooding  on  the  smaller  tributaries  far  in  excess  of  that  from  a warm 
front  storm,  the  greatest  damage  from  which  will  be  found  downstream 
where  the  fioxr  from  several  smaller  tributaries  has  combined^  17hile 
the  individual  thunderstorm  covers  but  a very  small  part  of  the  Loxjer 
Susquehanna  Watershed,  the  passage  of  a cold  front  may  generate  a 
series  of  stoirns  within  a short  time®  Such  a series  of  thunderstorms 
may  produce  serious  flood  conditions  over  more  than  one  small  tribu- 
tary, giving  rise  to  high  upstream  damages®  Such  storms  have  a high 
probability  of  occurrence  during  the  groxxing  season  when  crop  damage 
is  most  severe® 
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A relatively  rare  type  of  storm  in  the  Lower  Suscueharma  Basin 

is  the  tropical  hurricane.  These  rotational  storms  of  high  wind  vel- 

ocitj'-  accompanied  hj  high  rainfall  intensity^  which  originate  in  the 

southwestern  Atlantic,  only  occasionally  strike  the  coast  far  enough 

north  to  reach  the  Lower  Susquehanna  area  with  flood  producing  ef- 
\ 

fectc  Such  storms  occuring  only  during  the  warmer  i)ortion  of  the 
year,  have  occasionally  pi'oduced  severe  flcod:].ng  on  tributaries 
01  the  Lower  Susquehanna  River, 

The  paths  of  most  storms  cross  the  Loxjer  Susquehanna  Watershed 
from  the  west  to  east,  transverse  to  the  course  of  the  main  river. 

The  type  of  watershed  orientation  tending  to  produce  the  severest 
type  of  flood  peak,  xchere  stom  movem.ent  and  streamflow  coincide, 
is  fortunately  confined  to  a few  west  bank  tributaries. 

Maps  of  average  annual  rainfall  show  the  lowest  values  in  the 
center  of  the  basin,  increasing  slightly  upstream  and  to  the  mouth 
of  the  river.  The  higher  portions  of  the  watershed,  both  east  and 
west  of  the  river,  receive,  on  the  average,  slightly  more  rainfall 
than  the  low  lying  section  along  the  river o The  differences  in  av- 
erage arjnual  rainfall,  however,  are  small  and  do  not  account,  in  a 
major  degree,  for  variations  in  streamflow  bohaviore 

Though  average  monthlj^  precipitation  amounts  do  not  vary 
widel3^,  it  should  not  be  assumed  that  this  is  an  area  where  drought 
is  unknown  and  rainfall  never  e::cessive.  The  precipitation  total  of 
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a flood  producing  storm  frequently  exceeds  the  monthly  normal  and 
in  sor^  cases  has  been  two  or  three  times  this  amount  © 

Much  m_ore  variation  is  found  wiien  considering  precipitation 
that  falls  as  snow»  Wide  variation  occurs  from  year  to  year,  but 
the  northern  and  highland  areas  e:chibit  consistently  higher  average 
armual  snow  falls  than  lower  areas  near  tide  water-* 

Snow  is  an  important  contributor  to  flood  pealcs  x^hen  rapid 
melting  of  large  amounts  accompanies  excessive  rainfall.  Spring 
snow  melt  has  contributed  to  flooci  flox-js  on  the  Lower  Susouehanna 
Watershed  and  this  condition  must  be  considered  a flood  hazard. 

The  depth  to  which  frost  penetrates  the  soil  varies  consid- 
erably from  ^T'ear  to  year,  from  area  to  area  within  the  watershed, 
and  from  one  vicinj.ty  to  another  xTithin  a general  area.  Local  var- 
iations are  closely  associated  xjith  soil  and  moisture  conditions  and 
most  particularly  with  t^qi'C  and  condition  of  the  vegetative  cover. 

Ground  frost  increases  the  flood  hazard,  particularly  when  it 
is  of  the  concrete  frost  type,  which  markedly/  reduces  the  infiltra- 
tion potential.  The  li/:elihood  of  concrete  frost  formation  is  re- 
duced as  conservation  measures  and  improved  vegetative  cover  are 
introduced. 

CSOLOOT 

The  Lower  Susouehanna  Paver  Watershed  lies  in  the  Ridge  and 
Valley  and  Piedmiont  province  s.  The  Ridge  and  Valley  Province  in- 
cludes the  southern  and  eastern  slopes  of  Blue  Moimtaiiij  and 
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inmediately  to  the  south,  the  Great  Valley  section,  known  as  the 
Shenandoah  Valley  in  Virginia,  and  called  Cumberland  Valley  in 
Fennsj’’lvania.  The  remainder  of  the  watershed  is  in  the  Piedmont 
Province* 

Blue  Mountain  is  underlain  by  sandstone  and  the  area  imruedia- 
tely  to  the  south  by  shales*  The  ridges  of  the  Padge  and  Valley 
section  are  made  up  of  resistant  sandstone  formations  elevated  by 
intense  folding  and  faulting.  The  great  valley  is  underlain  by 
limestone.  Granite,  gneisses,  and  schists  predominate  in  the 
Piedmont, 

SOILS  AMD  EROSION 

Soils  in  the  watershed  are  residual*  They  were  considered 
under  three  major  groups,  classified  according  to  underljdng  bed- 
rock. The  locations  of  the  major  soil  groups  are  shovvn  in  Figawe  I|., 

The  soils  in  the  northern  half  of  the  watershed  (group  I)  are 
derived  from  acid  shale  and  sandstone.  Much  of  the  upland  soil  of 
this  group  is  deep,  medium  textured,  well  drained,  and  has  a moder- 
ate infiltration  rate.  The  steeper  slopes  are  usually  well  drained 
but  shallow.  Approximately  10  percent  of  the  soils  in  the  area  are 
imperfectly  or  poorlj^  drained  and  occur  in  sinall  scattered  areas 
at  the  heads  of  streams  and  along  flood  plains. 

The  largest  area  of  limestone  soils  (group  II)  occuns  in  a 
valley  in  the  northern  half  of  Lancaster  County,  A narrow  tongue 
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extends  westuard  and  includes  the  city  of  Yorko  These  soils  are 
deep_j,  medium  to  heaw  textured,  and  well  drained.  They  have  neder- 
ate  to  good  infiltration  rates.  Fertility  is  high  and  ccnsequently 
the  area  is  well  imown  for  its  agsd cultural  productiono 

Group  III  includes  soils  of  the  Piedmont.  Vfnen  developed  on 


schist  and  gneiss,  they  are  deep,  medium  te^rnired,  and  have  good 
infiltration  rates o Some  of  the  ridgetop  soils  have  developecl  on 
ouai'tzite.  These  are  light  textured  and  have  high  infiltration  rates* 
Shallow  to  moderat-ly  deep,  slowly  permeable  soils  ha^:,^  developed  on 
the  shale  and  san-.isto:ns  areas* 

PRESENT  LAND  USE 


The  uses  to  wliich  the  lands  in  the  watershed  are  devoted  are 
Eumriarised  in  Table  1*  It  will  be  noted  7 percent  of  the  total  area 
is  occupied  by  tomis,  roads,  streams,  etc®,  and  another  5 percent  is 
nen'-farm  openland.  tyenland  totals  66  percent,  of  wliich  nearly  twO'- 
thirds  is  crcplaaid.  The  land  use  pattern  indicates  intensive  culti- 
vation of  the  land  devoted  to  crops.  The  non-fam  openland  is  repre- 
sented by  areas  held  for  real  estate  development,  golf  courses,  ceme- 
teid-es,  or  municipal  holdings. 

Cropland  accounts  for  63,  ?6,  and  57  percent  of  the  land  in 
farm.s  in  soil  groups  I,  II,  and  III,  respoctivelyc  Similar  figures 
for  pasture  are  17,  13s  21  percent. 
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Table  1.  Present  Land  Use 
Louer  Susouc^ianna^River  Watershed 


Land  Use 

Area  in  Acres 

Percent  of  Total  Area 

Ope  nl  and 

1,662,100 

66 

Cropland 

1^069,500 

k3 

Pastiire 

2laj700 

10 

Abandoned^  Idle 

MU-scellaneous 

202,300 

3 

Non-Farm  Cpen3.and 

128,600 

5 

Woodland 

685,100 

27 

Grazed 

19,700 

0.7 

Ungrazed 

665,700 

26o3 

Roads,  Water,  Urban 

etct 

176,700 

176,700 

7 

7 

TOTAL 

_?,524^^200 

2,52k, 200 

1 ICO 

100  oO 
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miD  AND  WATER  EGONC»iI 


AREA  AND  POPITMTION 

The  drainage  area  represented  by  the  Lower  Susquehanna  P.iver 
below  Harrisburg^  Pennsylvania  is  3^9hh  square  r.ailes.  Of  this  area, 
approximate].:?'  3;j660  square  miles  ai-^  in  the  State  of  Penns^^lvania, 
and  the  balance  in  Mar^/^’laj.idc 

Land  in  farms  totals  1,7149^500  acres  or  2^7 3h  square  miles, 
equal  to  69  percent  of  the  total  area.  There  are  255200  farms  in 
the  watershed,  having  an  average  size  cf  69  acres^o 

Total  population  in  the  watershed  (1950)  is  estiraated  at 
798,000,  The  largest  cities  are  Harrisburg  (89,500)5  Lancas'ter 
(63,800),  and  York  (60,000),  all  located  in  Penns3''lvania,  There 
are  four  cities  with  populations  between  10,000  and  50,000,  total- 
ing  69,500  persons.  An  additional  h.2  urban  centers,  Tjith  a total 
population  cf  103,000  renge  between  1,000  and  5,000  population 
each, 

RESOURCES 

Agricultural  Land . 

The  watershed  embraces  some  of  ’the  best  agricultural  land 
in  eastern  United  States®  This  highly  productive  area  is  confined 
large  137-  to  Cumberland,  Lancaster,  and  York  Gouuities,  with  smaller 
areas  in  Dauphin,  Franklin,  and  Lebamon  Counties,  and  it  reflects 
the  occurrence  cf  limestone  in  the  underlying  rocks.  The  availability^ 
of  limestone  also  had  its  influence  on  productivity^'  of  soils  ly?'ing 
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adjacent  to  the  lime  stone  area.  Limestone  soils  occupy  slightly 
over  a fifth  of  the  total  area. 

Corn  for  grain  is  the  mowct  extensively  groiin  crop  in  the 
watershed.  Other  clean  tilled  crops  include  tomatces<,  potatoes., 
tobacco,  sweet  corn,  and  sraall  fruj.ts.  Small  grain  crops  are  prin- 
cipally'- winter  wheat,  winter  barley  and  spring  oats.  A signifi- 
cant acreage  is  also  devoted  to  soybeans*  Production  of  apples 
and  peaches  is  concentrated  in  northern  Adams  and  southern  Ciimber- 
land  Counties,  although  not  confined  to  these  counties.  A substa- 
tion of  the  Pennsylvania  State  Agricultural  Experiment  Station  is 
located  at  Lancaster  for  work  on  tobacco. 

Production  of  livestock  is  a very  important  farm  enterprise. 
Excellent  milk  markets  in  Pliiladelpliia  and  other  nearby  cities  have 
encouraged  the  development  of  dairy  far;:iing,  A large  quantity  of 
fluid  milk  is  mai’keted  tlirough  the  Hershey  Chocolate  Coi-poraticn. 
Fattening  of  beef  cattle,  both  on  pasture  and  feed  lot  is  exten- 
sive* Factors  in  the  developmxGiit  of  thiis  industry  are  the  li've- 
stock  yards  in  Lancaster  and  the  large  quantity  of  corn  grain  avail- 
able, York  County,  Pennsylvania,  ranl:s  at  or  near  the  top  in  the 
State  in  poultry^  and  egg  production.  Yqitj  good  local  and  nearby'' 
markets  for  all  ty'pes  of  farm  produce  help  to  place  Lancaster  County, 
Pennsylvania  airiong  the  first  ten  counties  in  the  United  States  in 
iralue  of  total  agricul'bural  j^roduction.  The  comity^  contributes 
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nearly'’  i|0  percent  of  all  agriciiltr.ral  production  in  the  watershed^ 
on  less  than  one-tiiird  of  the  cropland. 

In  the  Mar/land  portion  of  the  watershed^  and  in  Pennsyl- 
vania near  the  IIar2''land  border^  a more  genoralized  and  extensive 
agriculture  is  evident*  Large  acreages  of  corn_,  Tiinter  grains,  and 
hay  are  gronn.  Dairy  and  beef  cattle  and  poultr;;/  are  iriiportant 
farm  enterprises.  The  general  topography  is  more  rolling  in  this 
area  than  in  the  limestone  section^  hence  pastures  fit  naturally 
into  a good  land  use  program. 

Of  a total  agricultural  production  in  the  watershed  approach- 
ing 1^0  million  dollars  in  19U5^  26^6  percent,  ll|..9  percent,  20.9 
percent,  and  23*3  percent  are  accounted  for  by  daii",’'  products,  other 
livestock,  poultry,  and  crops  respectively. 

Forest  Land* 

Tlie  present  wood  needs  of  the  watershed  make  importation 
of  both  raw  materials  and  finished  products  necessary^.  Since  only 
about  one -quarter  of  the  watershed  is  in  forest  land,  it  is  unlikely 
that  local,  wood  production  will  ever  be  sufficient  to  meet  the 
demands  However,  the  forest  lands  are  now  iaroducing  at  only  about 
one  “half  their  potential.  Under  good  forest  manageriient  it  should 
be  possible  to  mal:e  up  a considerable  part  of  the  deficit. 

The  forests  of  the  Lower  Susquehanna  Watershed  are  relatively 
homogeneous.  Oak  types  on  the  drier  sites  and  tulip  poplar,  bass- 
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vjood^j  wiiito  ash  and  similar  species  cn  the  bottom  lands  make  up 
the  forests  over  r.iost  of  the  Tratcrshed.  Mixed  forests  (hardwoods  and 
conifers)  account  for^o^y  13  percent  and  pure  conifer  types  for 
oid.y  2 percents 


Reperted  heav^'  cuttings,  often  in  young  stands  and  frequently 
followed  by  fire,  have  resulted  in  large  areas  of  immature  stands o 
Many  of  the  more  desirable  species  have  been  largely  eliminated  and 
particularly  in  the  coal  fields  large  tracts  of  land  are  either 
denuded  or  covered  with  heav^^"  stands  of  scrub  oak.  Stands  primarily 
of  seedling  and  sapling  sizes,  together  id.th  stands  of  larger  size 
trees  but  with  very  poor  stocld.ng  cover  more  than  half  of  the  total 
forest  land  area,  Man^  of  the  trees  that  are  present  in  the  under- 
stocked older  stands  are  of  poor  foimi  and  unclesirable  species. 

Approximatel3^  19^700  acres,  or  9 percent  of  the  farm  forest 
area,  are  grazed,  reducing  both  watershed  protection  and  timber 
production  values  m.aterially. 


Table  1.  - present  Stand  Size  Distribution 


Lower  Suscuehanna  River  Watershed 


Stand  Size 

Acres 

Percent 

Saw  Tirater 

m,7oo  i 

16.3 

Poorly  Stocked  Sawtimber 

92,5'co  ; 

13.5 

Poles 

207,700  i 

30c3 

Poorly  Stocked  Poles 

65,800  f 

9.6 

Seedling  and  Sapling 

iSii,90c  ; 

22,6 

Poorly  Stocked  Seedling 

i 

! 

and  Sapling 

^523 800  i 

7.7 

TOTAL 

685,8.00  i 

100.0 
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Industr^^o 

The  waterched  is  industrially  outstandlngo  Ai'fiong  the  larger 
industries  are  the  Bethlehem  Steel  CoTfipany,  -^jith  plants  at  Steeltcn 
and  Lebanon^  and  a large  quarry  operation  at  Cornwall | Armstrong 
Cork  Company  at  Lancasteri  York  Refrigeration  Comipany;  Farqriiar 
Farm  Equipment  Gompanyj  and  several  large  paper  and  wood  fiber  plants 
in  York  and  York  Count^.^j  and  numerous  limestone  quarries  and  lim.e 
plants  distributed  throughout  the  limestone  areac  Maigp  of  the 
manufacturing  plants  are  the  largest  of  their  t3npes  in  the  worlda 
A great  variety  of  smaller  industries  is  well  established  throughout 
the  watershed.  The  high  level  of  industrial  activit^^  is  reflected 
in  the  large  number  of  urban  centers  and  the  generally  high  living 
standard  throughout  the  watersheds  Harrisburg  reflects  the  in- 
fluence of  itspositicn  as  Capitol  of  Fennsylvania^  in  the  nurder  of 
State  offices^  hotel  accommodations^  State  meetings,  and  related  ac- 
tivities? Its  largest  single  indust is  railroading,  due  to  the 
strate.gic  location  on  many  transportation  routes. 

The  area  is  trav’-ersed  by  the  Penns^'lvania  Ptailrcad  main  lines 
between  Mew^  York,  Philadelphia  and  Harrisburg,  and  between  Baltimore 
and  Harrisburg,  The  Reading  Railroad  serves  the  eastern  portion  of 
the  watershed,  with  a main  line  through  Lebanon  to  Harrisburg,  and 
branch  lines  to  Lancaster,  Cumberland,  and  Schuylkill  Counties. 

West  of  the  Susquehanna  River  the  Western  Marg^land  Railroad  provides 
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service  iroin  Harrisburg  through  York  to  Gettysburg,  and  the  Reading 
Railroad  as  far  as  Shippensburg»  The  Maryland  and  Pennsylvania 
Railroad  connects  York  and  Baltimore o 

The  Pemisylvanj.a  Turnpike  traverses  the  watershed  from  east 
to  west,  crossing  the  Susquehamm  River  eight  rail.es  south  of  Harris- 
burg, The  entire  watershed  is  well  supplied  with  a good  s^rstem  of 
improved  roads  which  are  well  maintainedc 

LAUD  aJNHRSIIIP 

Farmland, 

For  the  most  part,  farms  are  ovjner- ope  rated.  The  percentage 
of  ermer-operated  farms  in  the  Penns^rlvania  portion  of  the  watershed 
varies  from  63  percent  in  Cumberland  County,  to  30  percent  in  Dauphin 
County,  Only  percent  of  the  farms  are  owner -ope rated  in  Lancaster 
County,  A small  percentage  (less  than  3 percent)  of  farms  are  operated 
by  hired  manager.  Most  farms  are  individually  owned  but  in  a few 
instances,  an  individual  or  a corporation  ov^ms  several  properties 
m.ostly  operated  on  a tenant  basis? 

Forest  Land, 

Forest  land  covers  approximately  685^14-00  acres  or  27,1  per- 
cent of  the  total  watershed  area.  Of  this  forested  area,  31c5 
percent  is  in  farm  foresus,  55*6  percent  is  in  privately  owned 
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non-fam  forects,  and  12o9  percent  is  in  public  ownership.  Table  2 
shows  present  oiTnersiiip  of  forest  land. 


Table  2,  dmership  of  Fore 

st  Land 

Lower  Susouehanna  Paver  ¥at 

ershed 

Ownership 

Acres 

Percent 

Privately  Ovmcd  Forest  Land: 

Farm 

216^000 

31*5 

Non-Farm 

Subtotal 

318,200 

55^6 

597., 200  ' 

37.1 

Publicly  Owned  Forest  Land: 

County  and  Local- 

9^-900 

lo5 

State 

68,1|00 

10.0 

Federal 

9,900 

l.h 

Subtotal 

88,200 

TOTAL 

685,500 

100,0 

Of  the  total  of  597ji200  acres  of  privately  owned  forest  land 
approximately  531-900  acres  or  89  percent  are  in  Pennsylvania  xfith  the 
remaining  65^300  acres  in  Ilair^'landc 

There  are  four  types  of  leublic  forest  land  ownership  of 
appreciable  size,  all  in  Feniisylvanias  (1)  Federal  Militar^^  Reser- 
vation,^ 9^900  aci"e5|  (2)  State  forestsj,  khjlOO  acresj  (3)  State  game 
lands^  23^700  acres;  and  (ii)  county  and  mui'^icipal  forests^  including 
parks^  9^900  acres. 


^ ..  .L  ..»'*.  L.  A.I.*  . .'l.'.  . V : >.  '.■  1 ^ . . .'  _ ,J' 


'■-‘V,  '-  .'  -■■  -■'  '■  ,r  "fe' 


1^ 


4 . »!■  I,'. , f- ^ ■*-•  i||ir--i‘rq'‘-  r-iiitiiii^iM^-rif  1 iiiiiii  iii^^iiil'irt'' <ii^|iii|twii  iii  n >yr|)Mi^iintrt>  itii'ii|t<niiii[itii>pi|Bti>n  >i^iin  ■miai»<<i  n>i  ■!<»  ■fni*  ii  <liM  >iilrf^,  > > ■ ■••■•h**,  ‘ ''  . ^ 

^iV.  A*  V 

; •■if.'fJr 


,V' 

''  ’ - . T--R7 

W>--  ■■Pa 


;,•  lA  ' 

• r0ft’i  — iMi 


i*-iiyi*i%>y<lMi^iiiM>  iMi'wn»wii 


oooite  '■ 


*1'  ■ •"  'li  -•■ 

;■  'V"'  U{<'  ■ ' 


,''#1 


;}4‘ 

1 


•■'''  V '■  •■»  __  ' ,.■  iff  . ' ■ ' 


'('  :■ 


•:X*soo,I*£>na 


SI 


- O.OI 


r T-'r 


OiOOX 

^ #, . , , 


I'^'n  i‘. 


v.,71 


OATS^t 


■ »»«* 


T;.  r„7.  ' >.-  ■*>*■  V,  ■'  . V? 


, ^ ^ ''"V^  ^ ^ ^ ^ ' 


% 


.ii 

m 


■“U.: 


' \t'  ' * ' ly''  ''^  V *'  > ■ L * ii  *\  aa^'  ' TO 

wm  ' ■ .„ . ' '.i;,-o-„)n  ■ ^ ’'  ' ^’'  --  ■ .-  ' ::*i^  ', ' 


«r^w;9  (t) 

:W  :M 

,^y,  ' ' P'"  “■  *'  '.'* 


SECTION  III  HYD.lOLO0y 


Tabj.0  of  Content-s 


Effect  of  Ij£-nd  T;»^se.tment  Practices  and  Measures 

on  PeaM  o c o r>  o o « o • ©o  •ooopooooo:5&t-c>sc>ijco'?<j 

Reduction  in  Peak  Dischargeoooocciooooopoc.c.>ecoo 

Flood  FreonenC^o oooocooooo©f>ooooc>oo<''o^tirQoC)Coc>ooo 


.n 


6 


7'-a? 


List  of  labile -s 


Table 


1 

2 

3 

h 

$ 


Hydrologic  Evaluation  Class  Area  Eel.a« 

CiOrLSnUp © o e © n o c c o o c o o o y o :>« c g o g c o © -3  y o o o b 

Major  Soil  Group  Areas  for  Hydu’clogic 

ill  vraluationci  oooooooi'oooconociToioccococo  3 

Inx  il  oration  Rates  p © © « c o c-  o o © o y c o o j-  © © c o ® o 
Ps^Sboiin  Pattern  Work  Sheetoooooooyooeoo  1$ 

RuQcff  Reduction  Determ;LnationoQoooo®ooo  16—17 


List  of  Figu-res 


Figure 


FoIj.  owing 
Page 


$ ^ Curve  Evaluation  Glass  VIoyo9®oe®«.e«  7 

6 HydroxogiC  RelationsiiapeixsopsiGooooseeooo  1^ 

7 Sainple  S'oonn  NOo  looGceGsoooecoooooocscCi  uO 

8 Reduction  in  Peak  DischargSooyGoco^cepco  I4 

9 Percent  Reduction  in  Fealc  Discharge  by 

Drainage  Area  14 

10  Peak  Discharge-’*Frequencyc»«co©ocoooo©ooo  Ih 

11  Peak  p'low  by  Drainage  Area  for  Selected 

Frequencies  oooo«*ooo«*©oocooc©*G®oft»a*  lii 


c 


EFFECT  OF  LAUD  TREAT?ffiNT  PRACTICES  AID  lEASURES  ON  PEAK  FLOl*/ 


Land  cover  conversions,  woodland  manageraent,  and  certain  of 
the  cpenland  measures  included  in  the  needs  of  the  watershed  result 
in  an  increase  in  the  rate  and  total  amount  of  infiltration  on  the 
area  affected.  The  resultant  decrease  in  surface  runoff  reduces 
peak  flow  and  damages  due  to  inundation. 

The  physical  condition  of  the  forest  soil  is  one  of  the  im- 
portant factors  in  the  effect  that  the  forested  area  has  on  flood 
runoff*  Studies  of  infiltration  and  soil  moisture  have  shown  that  an 
increase  in  humus  and  litter  depth  and  an  improvement  in  humus  con- 
dition (i.e*,  a change  to  a more  porous  type)  are  reflected  in  both 
a higher  rate  of  water  intake  and  a greater  water  storage  capacity. 

The  effect  of  woodland  measures  on  flood  runoff  was  deter- 
mined. by  comparing  average  forest  conditions  in  all  present  stands 
with  those  conditions  found  in  the  better  stands  such  as  woiild  pre- 
vail with  the  recommended  program  in  effect* 

On  a field  inventory  of  selected  subwatersheds,  observations 
were  made  to  determine  the  average  condition  and  depth  of  the  x«rood- 
land  humus  by  forest  stand  size  and  condition  class,  and  past  use  or 
treatment  including  grazing,  burni|ig,  logging,  and  whether  or  not 
the  area  had  bean  cleared  for  agricultural  purposes. 

The  field  observations  indicate  that  buriiing,  grazing  and 
heavy  cutting  prevent  the  development  of  good  humus  ccnditione  Stands 
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that  have  experienced  these  disturbejices  have  a more  compact  and  shallow 
humus.  The  better  stocked^  older  stands  showing  no  evidence  of  fire, 
grazing,  or  of  clearing  for  agriculture,  have  deeper  humus  and  litter. 

The  condition  and  depth  of  humus  in  well  stocked,  ungrazed, 
unburned  stands  of  an  older  age  class  is  taken  as  the  condition  to 
be  expected  xcLth  good  woodland  management.  Those  stands  are  by  no 
means  ideal^  gcod  forest  management  should  result  in  api^reciably  bet- 
ter condition. 

Infiltration  rates  of  forest  soil  profiles  were  correlated 
with  forest  floor  ccndi.tions  to  permit  a hydrologic  evaluation  of 
woodland  areas.  The  forest  area  was  grouped  into  three  hydrologic 
evaluation  classes  based  on  infiltration  rates  for  vardous  forest 
floor  conditions-  The  criteria  for  defiruing  these  classes  (like  those 
for  the  openland)  apply  to  both  present  conditions  and  those  with  the 
program  in  effect.  The  hydrologic  evaluation  classes  a.re  as  follox^^s: 

Class  I (Woodland) 

Deep  humus  of  a highly  absorptive  type . Forest  floor 

undisturbed  and  uniform. 


Class  II  (Woodland) 

Moderately  deep  humus  of  an  absorptive  type*  Forest  floor 
relative l3^  undisturbed  and  uniform. 
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Class  III  (Woodland) 

Shallow  humus  disturbed  and  patchy  or  deeper  humus  of  a 
compact,  less  porous  t^/pe. 

Class  IV  (Openland) 

Hydrologic  conditions  such  as  are  found  in  good  pastures 
Highest  openland  infiltratione  Includes  good  meadow  or 
haylandc, 

Class  V (Openland) 

Infiltration  and  soil  moisture  trensmission  values  of  an 
intermediate  openland  condition.  The  hydrologic  condition 
found  mth  close  growing  crops  such  as  small  grains.  Poor 
pasture  and  poor  hayland  were  included  in  this  class c 

Class  VI  (Openland) 

Poorest  cropland  hydrologic  conditions.  Runoff  producing 
infiltration  rates  attributable  to  corn  and  other  row  crops. 

Other  Areas 

Includes  road,  urbaji  and  other  areas  of  low  iserrae ability. 

The  areas  of  the  several  h^^drclogic  evaluation  classes  under 
present  conditions  and  with  the  reccr.T:iended  program,  in  effect  are 
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given  for  Conestoga  Creek  Watershed  in  table  1.  In  addition  to  the 
acreage^  areas  are  e:^qpressed  as  percentages  of  the  watershed. 

The  reasons  that  a portion  of  the  wooded  area  will  remain  in 
Glass  III  -under  liianageirient  are;  (l)  a small  area  will  be  grazed; 

(2)  a small  area  will  be  bumed|  (3)  logging  will  destroy  the  h-umus 
on  skid  trails  and  log  landings^  and  comple-be  correction  is  not 
economically  feasible;  and  (I4.)  small  areas  of  entre-mely  steep  topog- 
Wh  raphy  and  shallow,  rcclcy  soils  will  never  build  up  an  appreciable 

forest  floor.  The  reasons  for  the  future  area  remaining  in  evalaa- 
tj.on  Class  II  are  largely  natural  ones.  Because  of  unfavorable 
topographic  >and  soil  conditions  the  forest  floor  cannot  be  improved 
to  the  point  where  the  area  vjill  fall  in  Class  I,  Miile  forest  man- 
agement will  Improve  these  aieas  appreciably,  natural  factors  pre- 
vent them  from  attaining  the  optiiaum  condi-tion. 

Studies  throughout  the  Northeast  have  shown  that  the  improve - 
^ ment  in  humus  conditions  -wliich  results  from  better  forest  cover  and 

exclusion  of  grazing  is  often  followed  by  a decrease  in  the  amount  of 
concrete  soil  freezing.  The  decrease  in  iiiiper-vi.ous  frost  greatly  aids 
infiltration  of  water  into  the  soil  and  has  a marked  affect  on  the  amount 
of  surface  runoff  from  woodland  areas e 

Since  forests  are  the  most  common  cover  in  the  upper  head- 
water areas  and  on  the  steeper  slopes,  the  'wa.y  in  which  they  are 
managed  plays  an  important  part  in  management  of  the  watershed  for 
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Table  1.  Hydrologic  Evaluation  Class  Area  Relationship 
Conestoga  Creek  Watershed  Above  Lancaster,  Pac 


Coil 

Group 

i 

1 Class 

i 

! 

j pres 

ont 

With  Recommended  Program 

1 

i Acres 

i 

% of 

Total  Areo, 

{ 

1 

i 



Acres 

% of 

Total  Area 

I II 

1 

i VI 

J 

52,0?1 

! 2^.28 

i 

1(8,531 

23.55 

Deep 

1 V 

51,122 

2i|.8X 

32,1(1(3 

15. 7U 

Well 

1 IV 

23,297 

13»?3 

! 

i(9, 30l( 

2I4.I7 

Drained 

I 

1^59 

0.71 

17,?80 

8.63 

II 

1 llj,021 

6*80 

! 

3,33l( 

ls62 

III 

6,013 

2^92 

....  - 

i 

1,111 

o.3i4 

VI 

i 2,U28 

1.18 

2,195 

1.07 

I & II 

V 

9,013 

itc37 

1>91(1( 

0.9k 

Imperfectly 

1 IV 

2,199 

loOT 

9/238 

h.h9 

& Poorly 

I 

9,00k 

k.37 

Drained 

II 

4,997 

2ci|2 

1,690 

0.62 

III 
1 

6,017 

2e92 

• 

563 

0.27 

1 

VI 

i,aio 

0«68 

1,367 

0c66 

III 

V 

^,h2k 

Oc69 

998 

0.i].8 

Deep 

IV 

804 

0«39 

1,266 

0.62 

Well 

I 

788 

Oe38 

8/476 

ii.ll 

Drained 

II 

7,350 

3.57 

1,539 

0.77 

III 

2,u50  i 

Is  19 

530 

Oc26 

. . 

. 

..... 

' ' 

n*  * 

VI 

2^3 

0*12 

2l|.2 

0.12 

III 

V 

U36  j 

0,21 

237 

Ocll 

Shallow 

IV 

131 

0.07 

339 

0.16 

Well 

I 

57it 

0.28 

3,593 

1.75 

Drained 

II 

2,2ii8 

1.09 

67h 

0«33 

III 

1,673  1 

0,81 

225 

0.11 

. 

f 

VI 

33  1 

0.02 

23 

0.01 

Ill 

V 

323  I 

0.16 

0.02 

Imperfectly 

IV 

21  i 

0.01 

, 

314 

0.13 

& Poorly 

I 

0 i 

— 

129 

0.06 

Drained 

II 

5 i 

— 

2li 

0.01 

III 

150  1 

0„0? 

8 1 

0.01 

. . j 

other 

t 

1 

8,350  j 

4o05 

...  1 

8,330  j 

k.05 

Total 

206,060  1 lOOcOO 

1 

206,080  i 

i 

100*00 

5 
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adeouate  supplies  of  pure  water  for  both  doiijestic  and  industrial 
use  and  in  mninizing  the  damage  from  excess  runoff  and  Eed3.mentation. 
In  the  Loxjer  Susquehanna  much  of  this  forest  land  is  in  relatively 
poor  condition  and  the  problems  of  low  water  flow,  sedimentation 
and  flood  damages  have  been  aggravated o Although  the  percent  of 
watershed  land  in  forest  cover  is  not  very  high,  forest  land  be- 
cause of  its  location  and  poor  hydi'ologic  condition,  is  an  im- 
portant contributor  to  excess  runoff* 

Openland  hydrologic  evaluation  classes  follow  closely  the 
t3qD8  of  openland  use  to  x-jhich  each  area  is  put.  Host  desirable  use 
from  a hydrologic  standpoint  is  the  raising  of  crops  of  perennials 
and  of  those  annuals  which  need  not  be  replanted  each  year®  Least 
desirable  are  the  rox\r  crops  which  m.ust  be  cultivated  during  the 
growing  season.  Intermediate  between  these  are  the  close-growing 
crops  such  as  the  small  gTains®  The  program  calls  for  changes  in 
the  areas  devoted  to  the  various  openland  uses  as  a measure  toward 
an  improved  watershed  hydrologic  condition. 

Changes  in  land  use  will  result  in  the  retirement  of  seme 
openland  to  woodland,  and  conversion,  within  operO.and,  to  the 
classes  having  higher  infiltration  rates.  Increased  areas  in  evalu- 
ation Class  IV  xri.ll  be  derived  almost  entirely  from  areas  now  in 
Classes  V and  VI.  The  total  net  change  xjill  provide  an  iraprovement 
in  hydrologic  conditions  as  well  as  reduce  soil  erosion. 
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PEDUCTION  IN  PEAK  DISCHARGE 


The  follo'wing  procedure c were  used  to  determines  the  infil- 
tration ratevS  of  various  evaluation  classes|  the  amount  of  reduction 
in  peak  discharge  caused  by  land  use  changes?  the  additional  effect 
of  woodJ.and  and  openland  iris  a sure  s|  and  the  res'olting  total  reduction 
in  peak  dischargee 

Infiltratioric 

Infiltration  da.ta_,  derived  largely  from  infiltrometer  studies, 
were  used  to  establish  infiltration  rates  for  the  ma.ior  soil  and  cover 
types  found  in  the  watershed*  Each  of  the  many  soil  types  was  as- 
signed to  one  of  three  soil  behavior  groups  according  to  its  infilt- 
ration characteristics  (Table  2).  Infiltration  rates  applicable  to 
the  six  evaluation  classes  were  assigned  to  each  of  the  three  soil 
groups.  An  example  for  the  Conestoga  Creek  Watershed  is  shown  in 
table  3« 

The  changes  in  infiltration  rate  during  a storm  were  found  to 
be  most  satisfactorily  accounted  for  by  the  use  of  a curve  for 
each  evaluation  class  (figure  ^),  A /i  curve  differs  from  a curve  of 
infiltration  rate  in  that  any  point  on  tiie  p curve  represents  an  av- 
erage value  for  the  infiltration  that  has  taken  place  in  the  elapsed 
time  from  the  start  of  precipitation*  These  curves  of  necessity 
represent  average  conditions  for  the  evaluation  class  but  their  use 
permits  a satisfactory  analysis  of  the  runoff  producing  conditions 
of  the  watershed*  The  p curv^'es  were  used  in  the  analysis  of  runoff 
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Table  2.  Major  Soil  Group  Ai’eas  for  Hydrologic  Evaluation 
Lower  Susquehanna  River  Watershed 


III 


Soil 
Group ; 

I ifcwi:  wo. 

1 

T I 

Shale  j 

& i 
Sand'=^| 
stone  I 


Soil  DepthjRepresenta= 
& Drainage  ' tive  Soil 

Deep  j well  iBucks  silt 
drained©  ilcam;^ 


Repre  scntat  i".’B 
' ^ ^ 

'Indian  red  or  reddish-brown^,  ' 
!friable^  silt  loam  over  red  ! 
:to  purplish-brown  silty  clay  | 
;loam  or  silty  clay  and  grade*  ^ 
jrng  into  soft,,  purplish  i 
joandstonec  Good  agricultural  i 
isoilc.  ' 


Shallow j Croton  loaitiJDark  grayish«brown  over  dull 
imperfect- ■ {gray  structureless  loam  over 

ly  & poor-i  ipale  yellowish-gray  heavier 

ly  drained,'  jloani©  At  I8-3O"  a hardpan 

j {horizon  occurs  © Used  inacnly 

I jfor  hay, small  grain  & pas- 

I I ture  c 

Deep,  well  jHagerstoinj,e  I Grayish«brown  to  dark  brown 

^ C ^ f t . ^ ~ ^ 


II 

Lime -I  drained^  j 


stone I 


Shallow,  j Guthrie  © 
imperfect- I 
ly  & poor-: 
ly  draihedo^' 


silt  loam,  mellow  and  fria- 
|ble  over  brown,  h8a";y  silt 
■loam  grading  into  yellowish- 
jbrovjn  to  reddish-brown  olayev 
j Inherently  productive©  Well 
I adapted  to  general  farm 

i crops© 
i 

{Dark  colored  surface  soils 
j over  gray-brown  subsoils© 
i Used  mainly  for  pastures* 


III  I 
Schist  i 
Gneias! 


Deep,  well ‘'Chester 
drained©  |silt  ioamo 


Shallow, 

well 

drainedo 


‘Brown,  friable,  silt  loam  j 
contaiin.ng  some  gritty  ma-  | 
terial,  resting  on  a brown-  | 
ish-yellow  gritty  j.cam  and  ! 
grading  into  silty  clay  loam«| 
Highly  productive  soils®  j 


i i 

I Manor  stony^ 
iloam©  ! 


IelloTjish*brom  heavy  loam  ! 
resting  on  yellow  clay  loam®  f 
Both  soil  8c  subsoil  contain  ! 
raanc’-  flat  angular  rock  frag-  ! 
mentso  | 


Imperfect  ? Glenville 
8c  poorly  ■ 
drained 


I 


j silt  loam® 


Yellowish,  friable  silt  loam  1 
mettled  at  moderate  depth  8c  < 
occupying  colluvial  posi-  | 
tionse  Used  for  pasture, hay  | 
and  general  cropso 


Other 
Soils  _ 

Lansdaj.e 
Bre  clciock 


Readington 


Duffield 


Lawrence 


Glenelg 

Heshaminy 


Edgemont 


Worsham 


8 
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Table  3®  Infiltration  Rates 
Values  of  f^  in  Inches  Per  Hour  at  600  Minutes 

Conestoga  Creek  Matershed^  Pennsylva:aia 

Lower  Susquehanna  River  V/atershed 


Soil  Groups  I <2c  II 


Evaluation  Class 

1 

1 

j Dsep,  Well  Drained 

; Imperfectly  and 

1 Poorly  Drained 

Class 

I 

1 0^79 

j 

I 0c42 

1 

Class 

II 

j 0^56 

■ 0,30 

Class 

III 

0.51 

1 0*27 

Class 

IV  1 

0,56 

j 0,30 

Class 

i 

V ! 

] 

i 

o,5i 

1 

1 0^27 

Class 

VI  ' 

o,li5 

i 0,2li 

Soil  Group  III 


Evaluation  Class 

; Deep^  Well  ■ 
j Drained  j 

ShalloWi 

1 ^ 

Well  Drained 

i Liperf e ctly  and 
j Poorly  Drained 

Class  I 

! lo26  1 

i * 

ic05 

0.52 

Class  II 

I 0o90  1 

0.75 

0,38 

Class  III 

1 0c3l  I 

1 

i 

0.67  j 

j 

0,31) 

Class  IV 

j 0„90  i 

0..75  i 

1 

Oj.38 

1 

Class  V 1 

1 

0e8l  i 

' i 

0.67  1 

0.31) 

Class  VI  j 

0e?2  : 

0®60  ■ 

0o30 

c»o  ^ go 


J. 


V 's 


( 


I 


i 


J.  '■ 


» A 
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from  a series  of  storms  developed  for  each  area  consideredo 
Land  Use  Changes . 

The  procedure  used  in  deterriiining  the  amount  of  peak  flow 
reduction  to  be  expected  from  land  use  changes  and  program  m.easures 
follows  a logical  series  of  steps  consisting  of  statistical  and 
graphical  analyses  applied  to  the  principal  factors  affecting 
flood  damages*  These  steps  are  described  below. 

Sample  tributaries  for  determining  the  hydrologic  effect  of 
the  program  were  selected  to  represent  the  three  major  soil  areas  of 
the  watersheds  The  samples  are  the  watersheds  above  the  gaging  sta- 
tions listed  as  follows: 

Godorus  Creek  Watershed  at  Spring  Grove ^ Pennsylvania 
Conestoga  Creek  Watershed  at  Lancaster^  Pennsylvania 
Swatara  Creek  Watershed  at  Harper  Tavern Pennsylvania 
A series  of  flood  producing  storms  covering  the  range  from 
minimum  to  maxirnum  damage  were  composited  for  each  of  the  sample 
subwatersheds 9 Published  and  unpublished  records  of  precipitation 
amounts  and  intensities furnished  largely  by  the  U®  So  Weather  Bur-’ 
eau,  Xirere  used  in  determining  the  storm  values.  The  procedure  fol- 
loxjed  is  described  below  and  illustrated  in  figures  6 and  7» 
Relationship  of  Discharge  (Q)  to  Runoff  (Y).  ' 

For  each  of  the  sainpWe  watersheds^  United  States  Geological 
Survey  records  of  streamflow  were  utilized  to  determine  the  peak 
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HYDROLOGIC  RELATIONSHIPS 

CONESTOGA  CREEK  WATERSHED,  PA. 
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Figure  6 


tU'tCt-UPPER  DARBY.  PA. 
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discharge  and  surface  runoff  fcr  all  important  floods  of  record. 

For  the  latter  determination,  individual  flood  hydrographs  were 
constructed  on  which  were  plotted  curves  of  base  flow  assignable 
to  ground  water  accretions o The  area  between  the  tTio  curves  was 
determined  and  its  value  in  watershed  area  depth  was  plotted 
against  the  peak  discharge*  The  curve  showing  the  average  relation- 
ship between  peak  discharge  (designated  Q)  in  second-feet  runoff 
(designated  Y)  in  equivalent  depth  in  inches  over  the  watershed 
was  draim  from  the  series  of  points  so  plotted*. 


Re 1 ationship  of  Frecipitaticn  ( P ) to  Runoff  (Y) o 

Us  So  Weather  Bureau  records  of  daily  and  hourly  amounts 
of  precipitation  were  used  to  detemine  the  rainfall  contributing 
to  the  peak  discharge.  Rainfall  at  the  stations  in  and  immediateljr 
adjacent  to  the  watershed  was  weighted  by  the  Horton-Theissen  method 
to  determine  the  average  inches  depth  on  the  water  :died  contributing 
to  the  flood  crest.  Precipitation  sc  dsterriiined  (designated  P)  was 
plotted  against  the  corresponding  runoff  (Y)  in  the  same  unit  of 
measure , 


Relationship  of  Pe/P  t(^  l/l  ma:c« 

This  relationship  was  determined  from  B-rainute  intensity 
data  of  [ill  stoims  at  Binghamton,  New  York,  in  the  following  manner^ 
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the  actual  5“i^i3iute  intensities  for  each  storm  were  arranged  in 
descending  order  of  magnitude  o For  each  stoi’m  the  individual 
!?''minute  intensities  (l)  were  each  divided  by  the  maximum  3~minute 
intensity  (I  max);,  and  the  corresponding  Pe  values  (quantity  of 
rainfall  that  fell  at  an  equal  or  greater  intensity)  were  each 
divided  by  the  total  storm  rainfall  (P)^  thus  providing  ti70  sets 
of  ratio  values  that  were  plotted  l/l  max  against  Pe/P.  A curve 
indicating  the  average  I'elationship  was  drawn  resulting  in  a dirmen- 
sionless  diagram*  The  slope  of  this  curve  determined  from  its 
tangent  at  several  representative  points  and  expressed  in  units 
of  abscj.Esa  over  ordinate  is  designated  N*  This  value  is  used 
in  determining  intensity— ~durati on  relationships  during  the  stoim* 

The  above  relationships  provided  the  basis  for  development  of 
a series  of  storms  correlating  discharge^  precipitation_,  runoff 
and  maximum  intensity*  Maximum  intensity  for  each  of  the  stems 
was  detemined  by  analysis  of  many  historical  storms*  For  each  of  the 
storms  a Pe  curve  and  a storm  intensity  diagram  xjere  comy/uted  as 
shown  in  table  and  plotted;,  figure  7«  The  Fe  curve  shows  at  each 
point  the  quantity  of  rain  falling  at  a rate  equal  to  or  greater 
than  the  corresponding  intensityj  a quantity  sometimes  called  '‘ex- 
cess precipitation”  c The  time  on  tiie  stem  pattern  for  any  intensi- 
ty shows  the  length  of  time  for  which  an  equal  or  greater  intensity 
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provailed  during  the  storms  The  time  values  are  designated  by  the 
symbol  Te  (duration  of  time  of  excess)© 

Storm  Hoo  3 for  Conestoga  Creek  produces  a peak  discharge  of 
6^000  s8cond«'feet  as  shoijn  in  table  j?c  Eased  on  this  peak  discharge^ 
the  corresponding  values  of  and  I max  were  determined  from  the 

above«de scribed  relationships®  From  the  discharge“.mnoff  relation- 
ship a peak  discharge  of  6,^000  seccnd^-fset  accompanies  0o50  inches 
of  rujioffi  from  the  P=*Y  curve^  0e30  inches  of  runoff  is  derived  from 
I5.98  inches  of  rainfall?  an  analysis  of  selected  stems  shows  that 
lo98  inches  of  i-ainfaH  has  a maximam  intensit27  of  3 ^'28  inches  per 
hour®  From  the  l/l  max«Pe/p  curve j the  values  of  Pe/p  were  taken  to 
correspond  mth  each  of  the  selected  values  of  l/l  max  (table  l+)o 
Both  table  I4.  and  figure  7 show  that  the  total  rainfall  of  le98  in- 
ches fell  during  a period  of  2l;6  minutes® 

The  Pe  and  Te  diagrams^  in  conjunction  i>dth  the  / curves  for 
the  several  evaluation  classes  maice  possible  the  evaluation  of  tlie 
recommended  land  conversion  phase  of  the  prograim®  To  obtain  the  Pe 
value  for  each  oZb.  ss  and  soil  group^  the  / curve  was  superimposed 
upon  the  storm  pattern  so  that  the  base  lines  coincided  and  the  zero 
time  line  of  tlie  />  curve  was  positioned  on  such  a time  line  that 
computed  runoff  agreed  with  measuredc  The  Pe  values  for  a given 
evaluation  class  were  found  on  the  Pe  scale  horizontally  opposite  to 
the  point  of  intersection  of  the  />  curve  and  Te  curves  Multiplying 
this  Pe  value  by  tlie  percent  of  the  tributary  area  in  that 
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evaluation  class  (table  li)  gave  a runoff  value  for  that  class  =.  The 
summation  of  these  values  for  all  the  classes  in  the  sample  water- 
shed gives  the  total  computed  runoffs  Table  5 illustrates  this  cal- 
culation for  storm  No,  3 on  Conestoga  Cr^eko  The  computed  runoff 
agreed  very  closely  with  the  measured  runoff® 

The  Pe  values  were  then  multiplied  by  the  corresponding  rec- 
oimmended  percent  of  area  in  each  evaluation  class^  and  the  products 
added  to  deterr:iine  the  runoff  under  future  conditionst.  By  comparing 
the  computed  runoff  under  present  conditions  with  the  future  com- 
puted runoff,  the  percent  reduction  in  peak  flow  that  would  result 
from  the  needed  land  use  changes  was  founds 

Additional  detention  storage  due  to  certain  measures  was  con- 
servatively accounted  for  on  the  basis  of  ..0$  inch  per  inch  of  esti- 
mated additional  humus  accumulation  in  woodlands  and  inch  depth 
for  openland  acreage  to  be  placed  under  contour  tillage®  From  the 
above  calculations  for  storm  Nc«  3 on  Conestoga  Creek,  the  total 
program  would  result  in  a l6.2  percent  reduction  in  peak  discharge 
(figure  8 and  table  5)» 

From  the  sample  tributary  analysis,  a generalized  series  of 


percent  reduction  - drainage  ai'ea  - frequency  curves  was  drawn  for 
each  of  the  three  soil  group  areas*  These  curves  provided  the  basis 
for  determining,  for  each  subwatershed,  the  percent  reductions  in  peak 
discharge  and  associated  reduction  in  damage  due  to  inundation  by  flood 
flows  (figures  9,  10,  and  11 )« 
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Table  5*  Rmoff  Reduction  Determination  - 
Evaluation  Class  Conversion 


Cones  to  p;a  Creek  R'atershed  at  Lancaster^  Pa* 
Storm 

Niviiber  3 ^ ~ _ 1^96  in . 

Coincidence  at  6o  min. 


D.A.  322  Sq.Mi. 

Y = __0 in. 

Qp  6000  seccxt. 


i 

Recomr.'iended 

Soil 

i Evaluation 

Preseno  Conditions 

....  . . . 

Prograiii 

Group 

1 

1 

Class 

Area  % 

Pe 

j % In , 

• Area  ^ 

>3  In. 

! 

VI 

.63 

- U.926U 

■■11335“ 

14. 

I & II 

1 

V 

2l|.8l 

1 12.1369 

* 13.74 

7.7126 

Deep 

( 

i 

IV 

13.73 

o37 

1 3.0801 

■ 214,17 

8,91*29 

Well 

I 

I 

0.71 

"1  ^ 
c-Lx 

: 0c078l 

' 8 s63 

0.9li93 

Drained 

i 

* 

II 

6.80 

,21 

j 1 .14280 

! 1.62 

0.3li02 

1 

III 

2.92 

.30 

I 0.8760 

; 0.3a 

0.1620 

1 

VI 

1.18 

,86 

i l.OlIiB 

i 1.07 

0.9202 

I & 11 

1 

V 

.71 

! 3.1027 

: 0.9)4 

O.667I4 

Imperfectly 

IV 

1.07 

.53 

i 0.3671 

^ hr.h9 

2.3797 

& Poorly 

I 

.21 

i 

! 4,37 

0.9177 

Drained 

! 

II 

212 

c32 

! o.77Ui 

0.82 

0.262U 

1 

III  1 2,92 

= ltO 

1.1680 

0.27 

O.IO8C' 

i 

i 

1 

VI 

0.68 

; 0.2992 

! 0.66 

0.290a 

III 

[ 

V 

0.69 

.33 

! 0,2277 

i 0.^8 

0 ,l38a 

Deep 

t 

IV 

0.39 

.22 

j 0,0838 

' 0.62 

c ,136a 

Well 

I 

I 

0.38 

.Op 

1 0.1900 

! I4.ll 

0.2033 

Drained 

i 

II 

3.37 

.12 

i O0428I4 

> 0.77 

O.O92I4 

! 

. i 

III 

1.19 

,20 

! 0.2380 

: 0.26 

0.0320 

i 

VI 

0 012 

''o3i 

1 0 .061.2 

! C.12  i 

0 ,0612 

III 

i 

} 

k 

I 

V 

0.21 

.40 

j 0.0 8U0 

0 0 1.4. 

0 .o4ao 

Shallow 

IV 

0.07 

.29 

1 0 c0203 

i 0.16 

0 r,oa6a 

Well 

! 

i 

I 

Oo28 

.08 

1 0.0224 

< ■’  7^^  ; 

1 ^ 

o.iaoo 

Drained 

1 

i 

i 

II 

1.09 

*l5 

1 O.lTiOi 

r\  ao. 

O00328 

1 

III 

0.,8l 

.22 

1 0.1782 

: 0,n 

0 .02a2 

j 

VI 

0,02 

.79 

1 0,0138 

i OoOl 

0.0079 

III 

! 

V 

0.16 

.63 

; O0IOO8 

: 0.02 

0.0126 

Imperfectly 

1 

1 

IV 

0 .01 

It 

I 0 .0047 

; 0.13 

0.0703 

& Poorly 

! 

I 

.19 

} 

. 0 0O6 

0 .011a 

Drained 

( 

} 

) 

II 

o29 

■■  0.01 

0,0029 

r 

HI 

o37 

; 0,0239 

: OcOi 

0.0037 

1 

" 

r : 

(1.98) 

i 

I 

• 

i 

Other 

i 

i+.o.'?  , 

"i  1.0 
-J-.  c Lf.y 

1 6=0315 

^ a.o3 

6o03a3 

TOTAL 

i 

— f— 

! 

a3.6a6i 

16  ~ 
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Table  5®  (Cent.)  Runoff  Reduction  Letermination 

Effect  of  changes  in  evaluation  classes; 

50,1928  ...  !+5,6461  „ , . . 

- — gij-' - — — = 9»06?o  reduction 

Effect  of  increased  humus  on  detention  storage; 


Evaluation  Class 

Average  inches 
Humus  Depth 

Percent  Area 
Pr^  enn  Futu  re 

% Area 
Change 

Depth  /o  Area 
Change 

T 

X 

2.87 

1 f;r 

1 

i 

I6e92 

■^17.55 

+50,57 

II 

1.58 

]3.53 

5-5:? 

»10  3 53 

-16,52 

III 

0^13 

/ 0 y-  x 

1 , 16 

- 6.75 

i+,,91 

■r29.lU 

Total  Depth^-/^o  Area  Increase  - 29^lh  x -G5’’  (Detention  storage  of 
increased  humus)  =?  loh37%  inches. 


Effect  of  contour  measures  on  detention  storage; 
area  m ,0.5"  = 2»11^%  inches. 

Suirmiary : 


Storage 
(fo  inches) 


Present  condition  of  runoff 


Effect  of 
classes 

changes  in  evaluation 

Uo55 

Effect  of 
humus  nn 

increased  voodland 
detention  storage 

/ — 1 

Effect  of  contour  measures  on 
detention  storage 

2,:12 

Total  effect  of  recommended  land  treatment  program: 

5oa9  - jj2.o6  is.aojj 
50.19 


Runoff 
yi  in^e  s ) 

50.19 

1>5o6U 

iilj-.iS 
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FLOOD  F.REQUENCY 

It  is  the  thesis  of  statisticians  that  virtually  every  con- 
tinuous distribution  of  observed  values ^ each  value  being  subjected 
to  identical  multitude  of  varying  causes,,  is  related  to  the  normal 
distribution , 

For  a distribution  of  obseu’-ed  values  to  meet  the  require- 
ments of  a normal  distribution  it  must  be  continuous^  Values  near 
the  mean  must  occur  more  frequently  than  extreme  values,  and  it  must 
range  from  minus  infinity  to  plus  infinity® 

Distribution  of  observed  peak  discharges  (in  cubic  feet  per 
second)  are  not  normally  distributed,  hox^rever,  the  logarithras  of 
these  flows  are  normally  distributed. 

Any  normal  distribution  is  completely  described  by  its  mean 
and  standard  deviation.  For  every  magnitude  in  teriiis  of  standard 
deviations  above  or  below  the  mean,  there  is  a fixed  ratio  of  events 
exceeding  that  magnitude  to  the  total  number  of  events.  For  example, 
percent  of  all  events  exceed  a value  cne  standard  deviation 
greater  than  the  mean,  while  8i4.1  percent  of  all  events  exceed  a 
value  one  standard  dev?.ation  less  than  the  mean.  An  illustrative 
exaraple  of  discharge -frequency  plotting  is  shown  graphically  on 
figure  10. 

An  illustrative  example  of  a detailed  frequency  computation 
follows  this  discussion  of  procedures,  A continuous  distribution  of 
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annual  maxlrn.Uii,  instaneous  peak  flews  were  recorded  for  period  of 
record.  Inasmuch  as  the  logarithms  of  the  flows  are  normally  dis- 
tributed, the  mean  and  standard  deviation  were  coraputed  for  the 
logaritluTis » Gaoital  in  the  example  re  ore  cents  the  logaritmn 
of  a single  flow,  and  iiie  lox^jer  case  ' x'-  represents  the  deviation 
of  a single  logarithm  from  the  mean  -X’  oC  the  logarithios.  The 
sno  of  the  logarithms  and  the  s'um  of  the  square  of  the  logarithms 
are  obtained  in  a single  C'Oi.iula'orre  opeouiicn  on  ?n  automatic  cal- 
culator. The  sonare  of  the  s'om  dividsd  by  the  number  of  events  is 
subtracted  from,  the  sum  of  the  squares  in  order  to  obtain  the  sum 
of  the  squared  deviations  from  the  nieano  This  is  a short  cut  operation, 
which  elim.inates  a large  amount  of  tedious  calculation.  The  sum  of 
the  squared  deviations  is  divided  by  the  number  of  events,  less  one 
(l),  in  order  to  obtain  the  variance.  The  square  root  of  the  variance 
is  the  standard  deviation  (S) , 

Skewiess  is  a teri  for  the  degree  of  distortion  from  symmetry 
exhibited  by  a frequenc2r  distribution.  Since  the  distance  between  the 
mean  and  mode  in  moderately  skewed  distributions  is  three  times  the 
distance  between  the  mean  and  the  median,  it  may  be  t.jritten  as  follows: 


Approx,  S!:ew  _ (3)  (Mean  - Median) 
Standard  Deviation 


V/here  the  curve  is  skewed  up  the  extre.iiely  large  values  xd-ll 
increase  the  value  of  the  mean.  The  coefficient  will  then  be  a 
positive  value.  If  the  distribution  is  skewed  down,  the  extreme 
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cares  will  reduce  the  value  of  the  riean.  This  makes  it  smaller 
than  the  mode  and  results  in  a negative  coefficient  of  skemess. 
Since  the  coefficient  of  ek-iwness  was  relatively  small^  no 
correction  of  the  curve  made. 
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Sample  Peak  Discharge -Frequency  Calculation 


III 


Conestoga Creek  at  Lancaster,  Pao D«An  322  Sq«  Mio 

Period  of  Record  1929  to  date  


'Ihrpe  of  Gage: -Staff Recording  IJater-Stage 


Source  of  Data  Water  Supply  Papers  UoS«G»S« 


Water 

Year 

Peak  Q 
(cfs) 

(lOgio) 
Peak  Q 

of  i p 

! (Log^o^ 

Order 

No. 

Plotting 

Position 

iq5T 

T,356 

. 

50 

r 

■ 

ii9 

j 

' 

liB 

3,260 

3.513 

1 12,3l[ll69 

15 

72.1 

47 

2,130 

3.328 

i 11.07558U 

20 

96.6 

16 

12,1|00 

ti.093 

? 16.752649 

h 

18.1 

1^5 

7,370 

3.667 

14.953689 

6 

27.9 

Il4 

6,900 

3.839 

; 11*.  737921 

8 

37.7 

I|3 

5,700 

3.756 

! 14.107536 

12 

Sl.h 

^2 

17>30Q 

U.238 

17.960644 

2 

8.3 

3,200 

3.505 

• 12.285025 

17 

81. 9 

40 

6,960 

3.eii3 

i 14.768649 

7 

32.8 

39 

6,li50 

3.810 

I 14.516100 

10 

)-i7.5 

38 

6,280 

3.798 

! 14.424804 

11 

52.5 

37 

3,2U0 

3.511 

1 12.327121 

16 

77.0 

36 

6,890 

3.838 

1 li|.7302W 

9 

42.6 

35 

2,900 

3.862 

i 11.985444 

18 

86.8 

3U 

15,000 

U.176 

j 17.li38976 

3 

13.2 

33 

22,8(00 

I(.358 

i 18.992164 

1 

3.4 

32 

5,  Wo 

3.739 

J 13.980121 

13 

62.3 

31 

ll,220 

3.625 

1 13.140625 

14 

67.2 

30 

2,680 

3.1>28 

! 11.751184 

19 

91.7 

29 

9,  Wo 

3.973 

; 15.78I1.729 

5 

23.0 

1 

i 

75.700 

'288.054378 

5 

n “ 20 

DUi" 

Ex/n  =:  5.785 

(X)2  = 288,054578 

(s;x 

)Vn  286 

.524500 

I(xf-(iXp/n  =■  1 

.529878 

I-(Xp  /n  - 

» 1 = 0,080520 

s=y^(x)Vn-l  0.28I4. 

m -f  s = U.G69  Autilog  =n  11,750  cfs  plot  at*  15,9  % 

m - s =■  3*501  Antilog  = 3s  1^2  cfs  plot  at  8l|.«l^ 

Approx,  skew  = (?-l  X3*785  ~ 3gQ0U)  — ^ 0*20 
0,281+ 
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FLOOD  DAimOES  V' 


Surveys  a Flood  damage  surveys  were  made  by  streejn  reaches  on 
each  major  tributary.  Demages  on  the  minor  tributaries  were  deter- 
mined from  studies  of  representative  sample  streams.  In  selecting 
the  sample  tributaries  to  be  studied,  all  rfiinoi*  streains  having  drain- 
age areas  up  to  25  square  railes  were  classified  by  their  pertinent 
major  ph^^sioal  characteristics,  such  as  size  of  drainage  area, 
stream  gradient,  extent  of  natural  or  artificial  storage,  and  the 
existence  of  damageable  loroperty.  This  classification  of  the  small 
tributaries  was  made  for  each  of  the  three  major  soil  group  areas 
in  the  watershed  (see  Figure  Section  I). 

Table  1 lists  the  selected  sample  tributaries  br,’-  the  throe 
major  soil  groups  and  shows  the  percentage  of  each  soil  group 
sampled*, 


1/  All  monetary?’  values  are  based  on  long-term  projected  prices. 
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Table  Sample  Tributaries  Selected 
For  Flood  Damage  Appi’aisal 
From  Louer  Susauehanna  River  V/atershed 


P 


Name 

1 Drainage  Area 

! Percent 
of  Area 

(sQo  mic)  ; 

Soil  Group  #1  (Sliales  and  Sandstones) 

i 

! 

t 

Dothan  Ru.n 

leU  I 

Unnamed  //9  (Ocker  Hill  School) 

i 2 e?  i 

Nex-jburg  Run 

5'oU  i 

Cold  Springs  Run 

$c9 

■ 

Unnamed  #6Ij.  (Oak grove  Church) 

3.1 

Lower  Rauch  Creek 

l;c6 

Swatara  Creek 

22o? 

j 

Little  Swatara  Creek 

26,9 

Unnam.ed  ;fl02  (l/almers  Churcli*) 

8,8 

Unnamed  #10j|  ( Grant vi-lle ) 

9,h 

Walnut  Run 

3,1 

DogX'jood  Ri.m 

9.0 

Unnamed  #126  (Etters  P«0.) 

1.7 

Cppossum  Creek 

lho6 

Unnamed  #1^9  (Welcom.e  School) 

6.s6 

Unnamed  #162  (Dars  School) 

3cl 

EermuQ3.an  Creek 

6.3' 

Unnamed  #l8p  (lork  Haven) 

1 Q 

j- 

Fox  Run 

6<sl 

Unnam.ed  #2l}.9  (Morgantown) 

7 7 
1 e ; 

Unnamed  #13?  (Pine  Grove  School) 

^ 1q2 

Subtotal 

152 

7«9 

Soil  Group  #11  (Limestone) 

Green  Spring  Creek 

I6e9 

Quiutapahillia  Creek 

21el 

Unnamed  #119  (Stoverdale) 

ls2 

Unnamed  #229  (Shooks  Mill) 

3el 

Stri elder  Run 

6q0 

Unnam.ed  ?#2?2  (Schaeffers town) 

5ol 

Lilitz  Run 

iiis9 

Urjiam.ed  #283  (Monterey) 

iioh 

Swarr  R'on  1 

8e6 

Unnamed  #303  (Paradise)  | 

1 

1.0 

1 

Subtotal  1 

82  U 

9e2  _ 

~ 2 « 
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Table  1 (Cent ^ do)  Sample  Tributaries  Selected 
For  Flood  Damage  Appraisal 
From  Lower  Susquehanna  River  Wa.tershed 


Name 

Drainage  Area 



^ Percent 
i of  Area 

Soil  Group  #III  (Granites^  Gneisses., 
and  Schists) 

(soi  mio) 

ij  , 11 

1 
i 

i 

! 

I 

South  Branch  Codorus  Creek 

Iu.2 

i 

t 

Beaver  Creek 

6,5 

I 

t 

Unnam.ed  #292  (Highville) 

2o3 

j 

Beaver  Greek  #306 

19o6 

i 

I 

North  Branch  Ikiddy  Creek 

16,3 

i 

Unnamed  #358  (peach  Bottom) 

mo 

1 

Urmamed  #3l+l^  Green) 

2*8 

j 

Little  ConowingQ  Creek 

606 

i 

East  Octoraro  Creek 

10«8 

i 

1 

Bells  Run 

li,3 

{ 

{ 

I 

Unnamed  #381  (Porter  Bridge) 

i*.l 

1 

! 

Unnamed  #381;  (New  Freedom) 

k.o 

i 

Falling  Branch 

6«1; 

1 

1 

Urxnamed  #ull  (Sapidum) 

j 

Subtotal 

93  c 7 

! 8.3 

Average  Annual  Flood  Damages o Flood  damages  were  e:q)ressed  in 
terms  of  average  annual  values  by  relating  the  amount  of  damages 
caused  by  several  floods  differing  in  magnitude  with  their  probable 
chance  of  occurrence 4,  In  order  to  deteimine  this  relationship^,  in 
each  major  tributary  reach  or  sample  tributar\^  investigated^  daimages 
were  appraised  by  flood  stages | flood  stages  were  related  to  peak 
discharge^  and  peak  discharge  related  to  probable  chance  of  occur*« 
rence«.  Figures  12^  13^  ll|j  and  l5  illustrate  these  relationships  for 
Conestoga  Creek  (Reach  3)o 
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Peak  discharge  in  second -feet  Figure  13 
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Percent  Chance  of  Occurrence  Figure  15 
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The  amount  of  damage  associated,  with  different  flood  stages 
was  deteiomined  by  estimating  depth  of  in'mdation  of  the  properties 
damaged  and  from  OTjners  ^ accounts  of  damages  from  experienced  flood 
stages®  The  relationships  of  discharge  to  stage  were  determined  by 
using  cross  section  and  gradient  infoimation  obtained  in  the  fields 
in  the  appj.ication  of  slope>=area  calculations  © The  probable  chance 
of  occurrence  of  peak  discharges  was  determined  by  the  method  il.lu.s>* 
treated  in  Section  Tire  average  annual  damage  = as  computed  from 

Fig^ire  l5.?  is  based  on  all  floods  whose  percent  chance  of  occurrence 
is  less  than  100©  Hcvrever^  in  tire  computation*  it  was  assumed  that 
the  damage  would  not  exceed  that  shoTni  for  the  one  percent  floods 
Table  2 shows  the  estimated  average  ennual  flood  damages  by  major  and 
minor  tributaries a In  canputing  these  values  cognizance  was  taken  of 
the  influence  of  cux’rent  programs  and  activities  of  federal  and  state 
agencies  on  flood  damages* 

Flood  Damage  Appraisal©  Flood  damages  are  commonly  classified 
as  direct  and  indirect..  By  direct  damage  is  meant  the  physical  de®-* 
struction  and  loss  resulting  from  direct  contact  with  flood  water 
while  indirect  damage  includes  all  ether  losses  associated  Tjith 
fl.oods®  Direct  and  indirect  dam.ages  were  not  separated  due  to  the 
complexity  of  their  distinction  and  the  dj.fficulty  of  property  comers 
reporting  damages  in  those  terms©  ila-jever_j  where  it  was  necessary  to 
appraise  indirect  damages ; they  were  developed  to  include  such  costs 
as  evacuation  and  reentering  premises,  erecting  temporary  shelters  and 
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Table  2»  Average  Annual  Flood  Damage  by  Tributaries 
Lower  Susciuehanna  Pd.ver  Watershed 


Tributaries 


Average  Annual 
Flood  Damage 
"(aoilar^ 


Yellow  Breeches  Greek  1^73o 
Conodoquinet  Creek  10_,067 
Ivest  Conowago  Creek  11;,97S 
Codorus  Greek  6^ Oh? 
Fishing  Creek  l+60 
Broad  Creek  3h3 
Deer  Creek  lk^2lQ 
Swatara  Greek  9 $29^ 
East  Conewago  Creek  235 
Conestoga  Creek  13>7bl 
Peque  Creek  5; 753 
Octoraro  Creek  1^335 
Conowingo  Creek  622 
Chi  Okies  Creek  II  iJ 
Little  Chickies  Creek  17l| 
Kreuto  Creek  loli 
Muddy  Creek  2^556 
Minor  Tributaries  in  Soil  Group  I 1/  15,5 093 
Minor  Tributaries  in  Soil  Group  II  Ii.8^120 
Minor  Tributaries  in  Soil  Group  III  l/  3l,^ 266 

TOTAL  223583.4 


iT^fhese  dariages  were  developed  from  studies  of  sample  tributaries 


protection  works  and  higher  costs  of  business  oporatioiio  Other  indi- 
rect losses  included  were  the  value  of  loss  of  use  of  property  di.uring 
the  period  of  restoration,  and  loss  of  labor  to  the  extent  that  it 
was  not  accounted  for  by  emergenej^  work  such  as  evacuating  goods, 
cleaning  up,  etCc  Those  damages  such  as  losses  in  the  volume  of 
trade  through  the  reduced  flow  of  goods  from  the  flood  area  to  the 
channels  of  trade  and  industry  and  through  the  decreased  incomes  of 
the  owners  of  flood  plain  property  were  not  evaluated.  No  monetary 
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value  lias  assigned  to  intangible  losses^  such  as  less  of  life^ 
illness,  inconvoiiience,  and  disruption  in  social  activities. 

In  appraising  damages  by  stage ^ flood,  damages  experienced 
were  enumerated  and  used  as  the  basis  of  appraisal.  In  those 
cases  where  a property  was  destroyed  and  not  replaced,  the  damage 
was  considered  non-recurring  and  was,  therefore,  not  used.  In  the 
case  of  a highway  bridge  destroyed  and  replaced  by  a structure 
capable  of  'vd-thstanding  higher  flood  flox\rs,  the  damage  was  con» 
sidered  non-recurring  and  modified  downward  to  reflect  the  damage 
if  the  flood  flow  x^jere  to  recccxir. 

The  amount  of  damage  to  grox^xing  crops  varies  xjith  the  season 
of  inxindation.  Growing  crop  damages  x-rere,  therefore,  computed  by 
months  to  reflect  these  variations  and  averaged  in  accordance  with 
the  probable  seasonal  occurrence  of  flood  flows c The  amount  of  dam- 
age to  various  crops  by  depth  of  inundation  during  dd.fferent  stages 
of  growth  was  estimated  from  data  collected  from  farmers  who  had  e.x- 
perienced  recent  crop  damage » Approximately  12,3^1  acres  of  crops 
and  39^89h  acres  of  pasture  in  the  watershed  are  affected  directly 
by  inundation^ 

SEDIWIT  D..4MGES 

Damages  due  to  sediment  in  the  Lox^ier  Susouehanna  Watershed  are 
widespread  and  significant.  Sedimentation  results  in  greater  costs  of 
treating  water  for  domestic  consiumption,  higher  maintenance  costs  on 
highx-jaj'S,  loss  of  storage  in  reservoirs,  and  loss  of  stream  channel 
cap  a city  o 
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Rs cords  on  sediraent  acciimalation  in  Chesapeake  Bay  go  back 
nearly  100  years c Total  accrjTiulation  in  the  Upper  Chesapeake  Bay, 
coming  almost  entirely  from  the  Susquehanna  River^  is  approxnnately 
1 million  cu.bie  yards  per  year.o  It  is  estimated  that  this  one 
milli-ui  yards  of  sediment  is  e^;jual  to  500^000  cubic  yards  of  soil 
in  place  on  the  land*  Of  this  total,  at  least  15.^.  or  7i>i?000 
cubic  yards,  coLies  from  the  Loner  Susquehanna  Watershed.  The 
75;; 000  cubic  yards  are  equal  to  I|.6.5  acre-feet 

Very  little  dredging  has  been  necessary  in  the  Upper  Chesa- 
peake Bay  because  of  the  smaJ.l  amount  of  water-borne  traffic*  It  is 
therefore  impossible  to  assign  an  annual  cost  for  removing  the  sedi- 
ment. Should  conditions  change  in  the  future  so  as  to  necessitate 
regular  dredging  in  Upper  Chesapeake  Bay,  then  an  annual  cost  figure 
would  be  obtainable 0 

Three  large  water  power  reservoirs  are  located  on  the  lower 
main  stem  of  the  Lovjer  Susquehanna  River*  Some  accuraulation  of 
sediraent  is  taking  place  in  these  reservoirs.  Part  of  the  sediment 
is  anuhracite  coai  washings  which  is  dredged  and  used  for  fuel. 

The  up2?.er  and  lower  reservoirs  are  channel  tyjpe  pools  in  which  the 
water  level  fluctuates  due  to  operation  of  the  gates  for  water  power 
purposes.  Thus  far  the  sedimentation  has  caused  little  or  no  damage 
because  it  has  occurred  only  below  the  low  water  levels  and  has  net 
affected  storage  for  power  purposes.  The  largest  of  these  reservoirs 
has  a capacity/watershed  ratio  of  10.6, 
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Sedlmeni*.  daraa  g3S  were  deteiTT.d.ncd  on  an  armual  ba.sis  for  the 
^•various  itr3ms  listed  hsliy^o  In  co;'7ipi:tlng  these  values  cognizance 
■was  taken  of  the  iiniluence  of  Gur.i'ent  prograjiis  and  acMvi'cles  of 
federal  and  s'cat©  agsnrdesQ 

tTaannel.  Ssddm:?-ri;tai,d.on.o  Clearing  of  streaia  c.hanne3..s  5s  fro-- 
q'>:tew'lVy'  neeessary  to  pr.'-  vent  damage  to  bridge  pierj  and  abubmenas 
o::f  to  protect  hightjays  an-.i  bridge  approaches  fron:  being  -is’ashed  cnt? 

!•>  :lo  satimatod  that  the  cost  of  clearing  sediinenb  from  streai.i 
eh:nr.ir;ls  totals  per  ye  arc 

Highway  Se>ilmenbatl.on^  Highway  maintenanoe  engineers  are 
colifrorfued  wi'bh  the  problem  of  removing  sediment  acoLimuj.ations  in 
hrighwc’-y  drainage  ditches^  culverts^  on  i-oad  s'urfaces^j  or  in  s'tream 
channels o A large  proportion  of  this  sediment  comes  from  land  erv^^ 
sion^  dii'eotly  or  indirectly^  Costs  of  removing  it  were  determined 
on  an  ann'uai,  basis  by  sec-aring  cost  figures  from  al,l  state  and 
eo’u.r.dy  higtiw'ay  maintenance  engineers  a/id  frcmt  maintenance  workers 
in  representative  townships^  If  this  material  is  not  lemoved^ 
ssr-ious  damage^  due  to  washouts^j  is  likely  'bo  ocouco  It  is  estdr-^ 
mated  that  remo’y-a.!,  cf  eroded  sediment  from  highway  ditches  and  cal=» 
verbs  fox*  all  types  of  roads  in  the  watershed  totals  ^ba^^COO  ann’ual.lys- 

Sediment  Poil'uticxj.o  Genei'ally  speaMngj  the  greatei’  the 
quantity  of  sediment  in  s'uspension  in  the  water,.,  the  greater  the 
cosh  of  ciiemical  treatment  to  clear  water  for  doriiesbic;  usso  A 
siuvJy  was  ma-de  ox  the  qran-bities  of  alxan  requix’ed  in  relation  to 
turbidity  of  the  wate.r^.j  using  as  ‘bhe  basis^  records  supplied  by  the 
large  muni ci, pal  w’ater  plarrbs  ta.king  water  direc/bly  .frorrj.  cuj'face 
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supplies*  The  Quantities  of  alum  needed  to  treat  water  with  greater 
than  30  parts  per  million  turbidity  were  considered  as  caused  by  ero- 
ded sediment*  An  aggregate  yearly  cost  for  alum  of  approximately 

is  estimatedv,  No  calculation  was  made  for  the  cost  of  cD.ean- 
ing  settling  basins  or  of  disposing  of  the  sediment  tahen  from  the 
w.Ate:Oo  The  water  compa^'des  state  that  no  extra  help  is  required  and 
that  their  regular  mcd.ntenance  crews  take  care  of  tlie  extra  work? 

Reseiwoir  Sedimentation,  Water  storage  reservoirs  for  domes- 
tic  water  supplies  or  x-^ower  instal?Lations  are  numerous  in  tho  water- 
sheda  In  the  Pennsylvania  portion  1^2  such  reservoirs  ax-e  described 
in  the  files  of  the  State  Department  of  Forests  an.d  W^aters*  Official 
records  for  Maryland  list  but  one  small  reservoir  in  the  Susquehanna 
drainage  in  thsit  state*  This  reservoir  serves  a boy  scout  camp^  and 
the  WT-ater  level  is  varied  from  low  in  winter  to  high  in  summer.  The 


Pennsx'lvarda  listing  includes  the  Concvjingo  Dam  on  the  main  stem  of 
the  Susquehanna^  which  is  actuairiy  in  Maiqdand  but  backs  water  into 
Pennsylvania. 

Reservoirs  were  grouped  and  studied  according  to  storage  eaxea- 
city  in  relation  to  drainage  area*  The  storage  capacity/watershed 
ratio,  as  used  in  this  appendix,  means  the  number  of  acre-feet  of 
storage  per  square  mile  cf  drainage  area.  Receimrcirs  with  storage 
capacity/watershad  ratios  of  less  than  20  or  more  than  1^0  are  not 


considert,d  in  ?dVr  darnagss  because  a watershe. 


ment  program  mil  have  little  <=^ffec^  on  2.  nd  s*^dimentation. 
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Of  the  total  of  li2  reservoirs  in  Penncilvania^  si::teen  have 
storage  capacity/watershed  ratios  of  less  than  20^  and  five  are 
over  150.  Inf orniation  availab-le  on  seven  reservoirs  was  too  incom* 
plete  to  peniit  grouping  thorri  on  a capacity/watershed  basis ^ The  re- 
maining fourteen  reser/oirs  meet  the  requirements  as  to  capacityAjater» 
shed  relationship*  Four  of  these  reservoirs  are  part  of  a mujiici'^ 
pal  wauer  system  and  tlie  watersheds  above  them  are  already  adeouatelj’' 
protected_,  thus  leaving  ten  to  be  studied* 

Rates  cf  sedimentation  were  well  established  by  studies  in 
the  Codcrus  Creek  Uatorshed,  tributaip-  to  the  Susquehanna  River  in 
York  County,  Penns^^lvania*  From  these  rates  the  total  annua],  sediment 
accujoulaticn  in  the  ten  reservoirs  was  calculated  to  be  73 « 7 acre -feet 
from  a total  di-ainage  area  of  21^6*2  square  riiilesc  Total  original 
storage  capaci.ty  of  the  ten  reservoirs  was  about  13,?ii2  acre -feet, 
over  half  cf  which  is  in  me  large  reservoir  recently?’  put  into 
operation  as  a water  siqDply  for  the  citjr  of  Chester « Pennsylvania. 
Average  aimucil  loss  of  storage  capacitj^  is  thus 

Table  3 gives  the  characteristics  cf  each  of  the  ten  reservoirs 
currently  unprotected  and  losing  storage  capacity,  and  shows  an 
estimated  total  average  annual  damage  of  |Jl35l|62e  This  would  be 
reduced  to  $9^992  '•‘going-*  programs ^ 
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EROSIOU  DAToAGSS 

D3,mai;^e  ?)u-3  tc-  Rr-osioiio  Based  on  nuLieror.s  research  studles^Q  it 
was  estiiiated  that  for  each  inch  of  topsoil  eroded ^ the,  ar^erage  yield 
deolin.a  for  cropland  "nonld  be  6^6%^  Studj.es  froiii  the  saa-.B  source 
indira-t.-?  t’le  average  snm:al  rate  of  tcpsoil  loss  on  ell  cropland  is 
O.Cv’l  siiciace  inches..  It  is  estimated  that  an  annual,  less  of  C.,02 
in  ires  of  tcps>.')il  cou'.M  be  sustained  without  causing  a reduction  in 
crop  poelds.,  On  this  d.'.s:s  the  effective  rate  of  soi?s  losS;>  as  far 
as  p'ield  deol.in-3  is  con';ernedj;  would  be  0*071.  inches  annuadly.  i^ppli- 
ca..X'?!.ori  of  this  annual  rate  of  soil  loss  to  the  yield  decline  data 
gives  an  anixual  'yield  declj.ne  of  The  average  value  of  the 

annual  crop  yields  on  the  present  cultivated  land  is  calculated  tc 
be  ^52*52  per  acre.  The  incremental  annual  loss  in  va.lue  cf  crop 
production  amounts  to  fjpUo2i;  per  acre®  This  damage  is  based  on  the 
assm.ipti.cn  of  yield  declines|  but  it  may  occur  thrc'agh  other  or 
combination  of  other  changes^  such  as  Increased  production  costs  in 
an  effort  to  maintain  yields  or  lengthening  crop  rotation.^  The  value 
of  decreased  production  was  treated  as  a net  loos^  inasmuch  as  re- 
ductions in  yields  causes  li'btle  or  no  reduction  in  costs  of  raising 
the  crop<,i'’^  The  value  of  the  decline  in  crop  production  was  assumed 
to  represent  the  erosion  damage  up  to  a point  of  20%  reduction  in 

yieldso  At  this  point  changes  may  occur  in  management  practrl.oes  which 

1_7  b'alter ^ (}e 0'2^'*”irT77rgrrcuI77’rS-*^^^  T955^ 

Bureau  of  Agricultural  Economics^,  -^One  Method  for  Evaluating  Ef- 
fect of  Measures  to  Prevent  Erosion  of  Topsoil'^, 
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would  tend  toward  reduced  losseso  Ba.^ed  on  these  factors^  the  av-> 
erage  annu.nl  equi^alen'!;-  "valne  of  income  loss  due  to  erosion  was 
calci^ilated  to  be  |3«2h  per  acre  of  cultivated  land  or  a total  of 
This  would  be  reduced  to  ^2.,0;31^y00  by  ‘Agoing*'  pro* 

grairiSo 

Rate_  o.f  '■1-9^'^  Rates  of  soil  erosion  were  determined  by 
using  ths  basic  focmnulas 

E =:  F X 3 -<>35  X L X P ^-c75  X Cv  developed  by  Mupgrave 

and  repc'isted  in  the  Journal  of  Soil,  aiid  Water  Cunserva«^ 
tion^  Volo  2^  Noo  3^  July  194? o In  the  above  formula? 

E :=  Soil,  loss  in  tons  per  acre  a 

F Soil  factor  (soil  loss  per  year  for  continuous  cultiva’- 
tion  up  and  down  slope)© 

S r;  Slope  in  percents 

L r.;  Le.ngth  of  uj.oijo  (,3C0*)c» 

P ™ Rajinfali  « 2*year  .frequency^  30  min.<>  maximum  i-ntenslty  in 
inches  o 

G r,:  Cropping  factor  i,iay  be  prc'duct  of  several  sepac’ate  fae^™ 
tors® 

Smuari.es  of  soil  conservation  surveys  for  s3.33.ble  areas  i.n 
each  of  the  soil  groups  were  utilized  to  establish  the  present  icUud 
use  as  X'olated  to  various  slops  clas.ses^  and  to  relate  the  erosion 
rates  shoi-ni  by  the  equation  to  the  srosi.on  oo.ridd.tions  as  revealed 
by  the  fl.eld  surveys^  Present  annual  i'atss  of  erosion  for  the 
vai'ious  land  uses  3.n  the  watershed  ars  given  in  table  ho 
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Tabls  hf  Calculated  Erosion  Rate 
Lower  Susquehanna  River  Wa'bershed 


Land  Use 

f Present  Amiual  Rate 

1 of  Soil  Loss 

I (inches /acre 5 


Rotation  Cropland 

1 , , , 

i o0?2: 

1 

Permanent  Hay 

1 a 016 

j 

Pasture 

1 /,'009 

Grazed  Woodland 

1 ®006 

Ungrazed  Woodland 

i 

j «C02 

Miscellaneori.s  ___  gOOli 

Calculation  of  average  annual  equivalent  value  of  income  loss 


due  to  erosions 

0c071  inches 

Rate  of  soil  loss  effecting  yield  decline* 

6<^h6  percent 

Yield  decline  per  inch  of  soil  loss*' 

Oftl/c  percent  =•:  Rnnusl  yield  decline  (cO?l  x oOSk6)n 


=:  Value  of  amiual  crop  yields  at  presento 

$ 0(s2[|. 

=:  Annual  incremental  loss  in  value  of  crop 
duction  (52cp2  x o00U6)o 

20  percent 

~ Reduction  in  yields  evaluated© 

.Sio.^^'o 

=:  Ultimate  annual  loss  (52*52  x ©20 )c 

ilk  years 

=:  Tirfie  required  to  reach  20  percent  reduction  in 

3380I4I868 

xneonis  -'iiiEixilo 
^ ,2u 

=:  Present  value  of  an  increasing  aniraity  at  U% 
ihterest^i 

$3o25 

~ Value  of  average  annual  inceme  loss  per  acre 
(o2l|  X 338rEijl88G  x o0lj.)o 
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SUIMAHI  CF  DAM/IGES 


A siiirim^xy  o;f  all  emlua-bed  damagss  in  bhe  xvat.ershed  is  Bhc^m 
in  i^able  5 c In  this  suFiinai”^  an  approximate  divisilon  o.f  the  flood 
daTriag3s,9  by  was  rri.y.doo  Of  the  damage  dne  to  inundation.,  about 

lyu-if-  ('>1  it  cccars  to  highways,  ilel^  to  industrial  establishments, 
ilei^  to  oorcraercial  establishments^  31*^^%  to  residences,  12o2^  to 
agriculture,  and  12a9%  to  other  prcpertiesa 

Table  5o  Estimated  Arerage  Annual  Monetary  Damage 
Lower  Susquehanna  River  Watershed 


Type  of  Daaiagv:, 

Average  Annual  Daraage 

(do'ilars) 

Damage  Due  to  Inundat j 

A gi’i  <ral.  t'd  rat . 

27,270 

Non^^A.gc;!  c«l.-  ,t  j-ai. 

IiLg'TW.:;:p 

33; 033 

Tnd'ishci.al. 

21i/:3k 

Co-amiex-cial 

2/4,  dOO 

Reslderxti.al 

Other 

:3§,2IB 

Subtotal 

223,8:11; 

(fianneil  Sedimentation 

U,-0?2 

Highway  SedimentatioD 

61;,  000 

¥ate;r  Supply  Pcllutl.on 

?«?00 

Reservoir  Se dimentatior t 

Sub'total 

12i/s"S4 

Dajnmgo  Dae  to  Erosion 

2,031^900 

msfsrx  -ssfrxr  . -»> 

TOTAL  AX^mm  AHNU'AL  mM-^GE 

2,53S0,,?:1& 
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Xim\^mikTF.D  DAI-1A.GES 


In  ad/Iition  to  the  damages  listed  in  table  there  are  other 
dame-ges  directly  r-elated  to  flooding^  erosion  and  sedDorentation  which 
have  not  been  eval.uated  ,ln  monetar^,^  terms  a. 

Uneral iiat e d damage s related  to  flooding; 
lo  IHr4ess  or  loss  of  life.^ 

2o  Insecurity  of  property  and  income?. 


3o  Disruption  of  public  serudces® 

iia  Disturbance  of  the  normal  economic  and  social  acti-^/ity 
cf  tlie  population^. 


Unevaluated  damages  relai^ed  to  erosion  and  sediments 

le  Excessive  silt  in  streams  which  will  decrease  the  streara^s 
capacity  to  sustain  aqu£itic  lifec  The  silt  maj'  result  in 
direct  interference  with  the  respiration  of  fish_,  or  the 
smothering  of  fish  food  organisms  on  the  bottomo 
2o  Silt  blanketing  the  stresm  channels  which  adversely  af^ 
facts  the  rate  of  reaeration  in  a stream  and  its  ability 
to  assimilate  discharges  of  municipal  and  industrial 


S3VI3,geo 

3©  A high  silt  content  and  turbida.ty  jai  streams  fr-om  which 
industries  obtain  processing  or  cooling  waters  directlyo 
I'e  A detrimental  effect  on  the  recreational  values  in  the 
■watershed© 
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DETEiHviIMATION  OF  iffilEDS 

Lan^  Areas  of  openland.  dGvo’bed  to  different  uses 

tTere  determined  from  the  Uo  S®  Agricultural  Censuso  Information  iras 
collected  by  minor  civil  divisions-  on  acreages  of  total  crop^^  pas« 
ture^  other  open  farmland^  and  grazed  forest  land^  in  addition  to 
the  areas  of  specific  crcpso  Figures  for  land  use  in  minor  civil 
di’dsions  were  combined  to  give  areas  by  subwatershsds^?  counties^ 
states.,  and  by  the  three  major  soil  gro'op  areas  of  the  watersheds 
Numbers  of  livestock^  especially  beef  and  dairy  cattle were  deters 
mined  from  the  Uc  Agricultural  Census  and  used  as  a guide  in 
calculating  the  acreage  of  pasture  re quire dc 

Twelve  soil  coiiservation  districts  are  wholly  or  partly 
Td.thin  the  Lower  Susquehanna  River  Uatershed  and  conservation  plans 
ha'7©  been  prepared  for  more  than  li.^-000  farms  in  these  districts  s? 
These  planned  farms  ijera  classified  as  to  size  and  major  farm  en« 
terprise  within  each  of  the  three  major  soil  group  areas  and  ap» 
proximateiy  10  percent  were  selected  as  sanples  from.  WThich  to  de«- 
termine  the  operiland  needs  of  the  watershedc- 

Land  use  adjustments  as  deten'iined  from  the  sample  farms 
were  applied  to  the  entire  area  in  the  watershed  by  reference  to 
the  present  uses  of  land  shoiai  by  the  19^0  Agricrait-ural.  Census f> 

Larivd  conversions  on  the  sample  fams  were  based  on  land  use  capa«* 
bilities  and  the  needs  of  the  individual  landowner  or  opei-atorQ 

The  needed  land  use  changes  involve  principally <,  reductions 
in  ac:ceages  of  clean  tilled  and  grain  crops^  poor  pasture^  grazed 
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forest  land  and  idle  land-  and  inoreases  in  acreages  of  hay^  good 
pasture  and  good  forest  land-  Actual  changes  in  acreages  of  each 
land  U5e,9  while  dependent  on  the  capability  of  the  land^  will  also 
be  influenced  by  such  factors  as  location  on  tbs  far%  fiej.d 
rangement  and  local  sconoiriic  considerations o These  adju^stnents 
will  pro'vide  substantial  r-eduetions  in  floods  sediiaent  and  erosion 
doiaageo 

The  types  and  ainounts  of  conservation  measures  and  practices 
planned  for  operlani  on  the  sample  farms  depended  or.  the  capability 
cf  the  land  and  its  future  usee  Total  needs  of  the  watershed  were 
calculated  by  pro.iecting  the  plaraied  measures  and  practices  from 
sample  farms  to  the  appropriate  future  land  use  acreages  for  the 
watershed© 


The  kind  and  amount  of  needed  forest  land  measures  ware 
termined  from  a forest  inventory  of  the  watershedo  This  inventory 
was  made  by  anal37-aing  aerial,  photographs^  with  field  checks  to  sub»’ 
stantlats  the  photogicaphic  analysisc  It  revealed  present,  condh-^ 
tions  and  indicated  the  steps  necessary'  to  remedy  theme  Locaj.^ 
sbate^  and  federal,  agen.des  contributed  information  and  advice  on 
the  de'/elopment  of  the  watershed  needso  These  data  were  supple* 
raented  ''oy  a special  field  survey  of  sample  watershajds  represent.=u« 
tive  of  the  tlmree  ma^lor  soil  group  areas  in  the  waGershed,© 

The  need  for-  publi-c  acquisition  of  land  in  the  watershed  was 
detenrdrfed  by  (1)  "one  ixrportanca  of  such  land  for  flood  and  se-dl- 
ment  control^  and  (2)  the  fact  that  such  land  is  subm.arginal  for 
private  use  or  has  some  other  characteristic,  which  makes  tiie  public 
interest  paramount® 

2 «=« 


« ^ 

■•K/' ' > ' ■ 


,r,  -r  -ar 


'S. 


tl&:i^-  l:i  .e  ’^V>bA  ,.  -^isi 

' . , r I ! ' .,_  C.'--,.  \’  ,'  •.  .'.  ',/■  ..', 


f. 

•r*4  '3k.V.-ai  •^fif  t%j  :$t;f  '/ k'.  fi-'N^r  «t  »^-  ‘.<2  V,xj  vXJ' 

- 'toi.**.T'r’b-i.i?f.  »’>  ;*  X'-CiCi 

a.U:;  -‘'i./?'  '.’’  ;&J  Ib^.  j i TlX  * *+ »xO / ^ V*  jWv’v..ft.r£U 

. , ■-  ...  ■ '•  -.  . sJiKWtb 

ert,n„ '-'.  .f'ii  L,*  tiu,/:u.V'.\Ttaiiri.‘i.  i?  c^iw,'*'>cai  ; .V'  ,•/*!  ..Mr* 

•5?-CfX^»>i'‘>  X (r  . ..  <;j  h^ML3Cq 

3'i'.’-.  ^<l;)-.:vj  -w  'u*J  V J VqT  ?t2if  » W'.'i/H‘  . ".)  ' ..•  Silt 

; --iX  ixtB  «»'  • ^j.J  , , *' 

\ -2  ciJ  ©I'^rrae 

• ■^.  jy  _ ^ 

r^»A.  " ‘f  bi'.i-  i ? ->•  . ■> ..  ^ X.jw;-  ••>  , o-'^' 


•■X  Zi* 

ii  *;r;-r  :*i 

. ;■  < r.’xtA*'  t;.tJ 

t-s.  .*«i 

♦ 

. ,.  ifiA 

> 

• 3 t :-  * 

* 

IKJ  rtf^v  - !''\u  .. 

^ I ‘ ■ 

• • * V.  O - 

<«:'TvT?;c  *‘')Vw 

f+  * , -V  ■ t 

i*  . M i k ’ 

t . . ! 


\Ju.i 


t.  '- 


S f ^ 


>,TjV  OftOi.^ 
^'>j.'5-*'»: 

‘;*  v'b 

r'-  ,■  ;./  ')•’  '..,•  .^.r  ■ .'bJUir  a ■ •^r;,:jiAjtitfr 

71  jj  - •;*  X..KO  «r  -.iv  ;q 


H - * 


r yt  ' - ' ;t  ^ • j.  If 


.Vf> 
'■'  * 


jsc  '■  ■ 

sCSv'-' 


:.'t’ 

c.i)3^  avv*4 

■ "ro^xiik 

't>:  In,  . 

1',.  Vvi-4  il3sir4^;4u^i4\ 

1 ' . t*  • * 

;.  x.'(vi  4‘4XSC3 

f I,- 

\'H  '■.,? 

..’j,-^\:'Avh,q^ 

c 


V 


Addit  ional  Me  a.  sure  s a The  needs  of  the  watershed  relative  to 
such  flood  control  measures  as  water  retarding  structures,  channel 
improvement,  and  diking  were  determined  as  follows o 

For  minor  tributaries,  up  to  approximately  2^  square  miles 
in  size,  studies  were  made  of  the  same  sample  tributaries  used  for 
flood  damage  appraisalo  Inforiiiation  previously  collected  on  each 
sample  tributary  supplied  data  on  the  frequency  of  occurrence  of 
floods,  and  discharge-frequencs^  relationships  applicable  to  the  areas 
Froiii  these  data  additional  measures,  primarily  for  flood  control,  were 
planned  to  reduce  damage  within  the  tributary  drainage.  A detailed 
economic  evaluation  was  made  of  each  control  measure  and  those  meas- 


ures not  shcw;ing  benefits  in  e:rcess  of  costs  were  eliminatede  Meas- 
ures shoTJing  benefits  in  excess  of  costs  were  used  in  the  projection 
to  areas  represented  by  the  sample  tributary.  This  projection  pro- 
vided the  data  on  total  needs  for  the  minor  tributaries# 


To  determine  the  need  for  these  measures  on  the  major  tribu- 
taries of  the  watershed,  a detailed  study  was  raade  of  each  stream 
reach  for  which  the  damage  appraisal  had  indicated  significant  flood 
damages 0.  The  planning  of  these  measures  was  based  on  the  effect  they 
will  have  on  reducing  flvood  damages Costs  and  benefits  of  the  indi- 
vidual measuras  were  detormined  and  only  those  PiGarunes  which  showed 
benefits  in  excess  of  c'-osts  were  included  in  the  needs 

Table  1 Indicates  Tdie  needed  land  use  adjust.manus  ? Table  2 
lists  the  p;ractices  and  measiares  needed  in  the  Lower  Scsquehanna 
Watershed, 
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Table  lo  Needed  Land  Use  Adjustments 
Lower  Susauehanna  River  Y'-atersbed 
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Table  2.  Needed  Practices  and  Leasures 
Lower  Susquehanna  River  Watershed 


Practice 

Unit 

Quantity 

Land  Treatment  Practices  and  Measures: 

Contour  Strip  Cropping 

Acre 

933,900 

Cover  Cropping 

It 

8)4,700 

Diversions  and  Terraces'/ 

Mile 

3,178 

Establishing  Perennial  Hay'5( 

Acre 

611,200 

Outlets  and  Waterwaji's  / 

ft 

5^600 

Pasture  Improvement 

ti 

117,200 

Pasture  Management  / 

II 

2)42,600 

Pasture  Seeding 

II 

nil,  700 

Contour  Furrowing  V 

II 

8,600 

Streambank  Erosion  Control^ 

Mile 

68 

/ 

Erosion  Control  Structures  i 

No, 

lit,  000 

Wildlife  Area  Development  \ 

Acre 

38,700 

Improved  Forest  Management 

II 

731,700 

Y 

Forest  Planting 

Acre 

38,200 

Public  Land  Acquisition 

II 

^,000 

Additional  Measures; 

Diking 

Mile 

1.7 

Stream  Channel  Improvement 

II 

10)Li 
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CURRENT  PROGRAMS  OF  TilE  U^  DEPARTMEM'  OF  AGRICULTURE 


Four  agencies  in  the  Department^Production  and  Marketing  Ad*» 
ministration.  Forest  Service,  Extension  Service,  and  Soil  Conserva- 
tion Service— are  currently  engaged  in  programs  which  are  primarily 
designed  to  maintain  soil  resources  and  inproved  crop  and  timber 
yields  but  which  do  provide  some  flood  control  benefits# 

The  Production  and  Marketing  Administration  furnishes  direct 
aids  to  individual  farm  otmers  for  the  application  of  many  soil  and  > 
water  conservation  measures  and  practices,  such  as  the  improvement 
of  hay  and  pasture  lands  through  lime  and  fertiliser  applications^ 
establishment  of  hay  and  pasture,  construction  of  diversions  and 
terraces,  strip  cropping,  construction  of  grassed  waterways,  the 
use  of  cover  crops  or  mulching,  tree  planting,  protection  of  forest 
land  from  grazing,  and  timber  stand  improvement# 

The  Forest  Service  cooperates  with  the  states  in  promoting 
sound  forestry  practices#  Throu^  the  cooperative  Forest  Manage- 
ment Act,  technical  services  in  forest  land  management  are  fur- 
nished to  forest  land  owners#  Under  the  provisions  of  the  Clarke- 
McNary  Act  financial  assistance  is  furnished  to  states  for  fire 
protection  and  for  production  of  tree  seedlings  to  be  distributed 
to  land  owners  at  low  cost#  The  present  fire  control  program  is 
considered  adequate  for  the  watershed# 

The  Extension  Service  is  cooperating  with  the  State  Exten- 
sion Services  which,  throu^  their  county  agricultural  agents  and 
extension  specialists^  are  currently  conducting  an  educational 
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program  in  the  counties  of  the  watershed  which  is  helping  to  ir>» 
crease  the  application  of  various  land  treatinent  practices  and 
measures 0 

The  Soil  Conservation  Ser'vice  is  furrdshing  technical  servi«> 
ces  to  soil  conservation  districts  for  the  planning  and  installa* 
tion  of  soil  and  waber  conservation  practices  and  measureso  Limi« 
ted  amounts  of  tree  and  shrub  planting  stock  are  furnished  to  dis^« 
trlcts© 

It  was  assumed  that  the  current  rate  of  establishment  by 
these  agencies  would  continue  during  the  2(>*y6ar  installation  peri<« 
cd  of  this  program  in  estimating  the  accomplishments  of  ”go5.ng**  De« 
partmant-al  programs® 

A portion  of  the  needed  land  conversions  shown  in  table  1 
will  be  accomplished  by  the  current  programs©  It  is  estimated  that 
the  ai’ea  in  cropland  will  decrease  about  9^600  acres  ar.d  that  idle 
and  miscellaneous  openland  will  decrease  about  16^.300  acres o The 
area  improved  for  wildlife  cover  will  increase  about  3<>800  acres^; 
pasture  will  increase  about  114^300  acres^^  and  forest  land  will  in» 
crease  by  7^800  acres a 

The  Department  of  Agriculture  is  now  expending  ,$l4.lU^2l;0  an»» 
nually  in  the  Lower  Susquehanna.  River  Watershed  to  carry  out  these 
acti'^Titieso 

RECaMEIIDED  PROGRAM 

The  recommended  program  includes  the  intensifi cation ^ acoel»-» 
eration^  and  adaptation  of  certain  activities  under  current  pro<« 
grams  of  the  Uo  Sc-  Department  of  Agriculture^  and  additional  meas- 
ures not  now  regularly  installed  but  considered  necessary  to  com- 
plete a balanced  runoff  and  waterflow  retardation  and  erosion  con- 
trol program  for  the  watershed®  The  recommended  program  is  deemed 
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of  primaiy  inrportance  to  the  objective  of  the  flood  control  act  and 
does  not  include  measures  or  practices  for  the  primary  puipose  of 
increasing  productiono  For  example,,  items  such  as 2 the  application 
of  fertilizer  for  production  on.ly|  farm  water  supply  and  distribu<=» 
tion  systems  exclusively  for  the  purpose  of  livestock  and  donestie 
usej  drainage  and  irzdgation  for  increased  production^  tree  plant« 
ing  or  timber  stand  improvement  for  timber  production  only|  and  the 
installation  of  recreational  facilities  are  not  included  as  parb  of 
the  recommended  prog:ramo 

The  quantities  of  the  various  measures  and  practices  in  the 
recommended  program  are  the  difference  between  the  total  watershed 
needs  and  the  estimated  20-year  acconpilisliments  of  ‘•go?r.g-^  Depart^* 
mental  programs^  ex-cept  that  the  recommended  program  for  foirest 
lands  has  been  set  at  those  levels  that  it  is  estimated  can  be 
achieved,  without  new  legislation  providing  for  public  coirorol  of 
forest  practices  on  privately  owned  forest  lands,^ 

The  recommended  openland  program  includes  land  use  con\»e.r« 
sions  and  certain  practices  and  measures©  The  land  use  changes  in- 
volve decreases  in  acreaiges  of  all  crops  except  tobacco  which  re« 
mains  the  saia?^  and  increases  in  land  devoted  to  perennial  hay  and 
pasture  land©  The  proposed  increase  in  grassland  is  in  keeping 
with  current  ti'ends..,  Eecoirimended  future  crop-  hay^  and  pasture 
acreages  permit  use  of  the  land  within  its  capability  and  are  suf«> 
ficient  to  satisfy  the  economic  needs  of  the  farm.s  in  the  waters.heds» 
The  land  use  changes  and  conservation  practices  and  measures^,  as 
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recommended  for  openland^^  will  reduce  runoff  and  sedimentation 
which  is  a public  benefit|  and  will  conserve  soil  and  water  which 
will  result  in  increased  income  to  landownerso 

The  recommended  program  for  forest  land  provides  for  an  in* 
crease  in  forest  area  through  the  conversion  of  openland  to  forest 
for  the  application  of  improved  forest  management  and  watershed 
protection  measures  on  public  and  privately  owned  forest  land|  and 
for  public  acquisition  of  approximately  ^^000  acres  of  submarginal 
land  which  is  vital  for  watershed  protection  or  has  some  other 
characteristic  that  makes  the  public  interest  paramount® 

One  or  more  of  the  recommeiided  measures  will  be  installed  on 
ail  forest  land  excejjt  approximately  9^900  acres  contained  in  the 
Indiant cx-jn  Gap  Military  Reservation*)  Instsl.lation  of  the  improved 
forest  management  and  watershed  protection  measures  and  practices 
will  increase  the  density  of  stand  stocking^  improve  stand  Cfxnposi* 
tion,  and  correct  present  unsat isfactor;^?-  watershed  conditions  in 
the  logging  rosui  and  trail  system*  Hydrologic  condition  of  the 
forest  area  will  improve  as  the  average  humus  depths  and  the  per« 
centage  of  organic  material  in  the  soil  profile  increases ^ These 
improvements  in  forest  soil  conditions;,  together  with  the  correc- 
tive action  applied  on  logging  roads  and  skid  trails^  mil  reduce 
surface  runoff  and  stabilise  forest  soils® 

The  recommended  program  is  shown  in  table  3s 
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Tabj.e  3o  ReoorriTTibnd^d  Prog7*a.u 
LoTJoir  Susq'j^jlicini^a  River  vvatarsred 


<T»Myg»3r.JCa»'e«Tu»»«  ■wj^gn^a . >ag^ryJl.aaaMC^  rattfau.';.  ^7aCtaet;i.'-9v£M««iCfiaoai^  dZBMU:>.-mar^ 

P^a.rytifje 

Unit 

Quantity 

Land  Trsatment  Practices  and  Measures s 

Contoi-ir  Strip  Cropping 

Acre 

?com'oo 

Di'yorsions  ajid  Terraces 

i Mile 

2, .600 
<y 

Establishing  Perenidal  Haj 

30,600 

Outlets  and  Watec^wrays 

Acre 

8 

CM 

Pasture  Management 

Acre 

109.600 

Contour  Furrowing 

Acre 

6^^000 

Streambank  Erosion  Control 

Mi3.e 

65 

Erosion  Control  Structures 

No,-? 

6,500 

Wildliie  Area  Development 

Acre 

35,liOO 

Improved  Forest  Management 

Acre 

721/,- 800 

Fores  u PI  anting 

i^cre 

26, ,900 

?\:blic  Land  Acqiiisition 

Acre 

U^OOO 

Additional  Measures s 

Dikd.ng 

' 

Mile  1 

1 

lc7 

Stream  Channel  Improvement 

1 
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Fol].c?vjlng  is  a description  of  the  d.ndi.7lduai  practices  and 


measure So 


Oontour  ?t:r'o 


or  otlxer  close  gro^lngj 


This  measure  is  the  gr-oving  of  hay 
soil!,  conserving  crops  in  alternate 


contour  strips  with  clean  tilled  cr  soil  (iDpj.ati.ng  cropso 
Such  a measnire  maintains  at  least  half  of  the  strdp  crarjped 
fields  in  hay  or  close  groin, ng  crops  which  will  f.ilter  cut 
eroded  material  and  induce  s9di.mentation  dom^^tream':.  Gon^ 
tour  riL.ti;>’atio%  which  is  included  with  conlnsur  strip  crop« 
ping  in  this  report,,  is  used  to  protect  gently  sl-oping  land 
or  small  fields  where  strip  cropping  is  not  feasibloo  Con« 


tour  cu3.tivation  and  contour  strip  cropping  reduce  the  rate 


and  amount  cf  ininoff  by  increasing  infiltration  rates  and  by 
providing  temporary  surfaces  storagoo  The  removal  of  hedge* 
row’s  or  other  obstructions  is  necessary  on  maiy  farros  for 
proper  installation  of  contour  strip  croppings 


Diversions  and  Terraces^  Diversions  and  terraces  are  grouped 
as  one  measure  since  they  have  the  same  ganeral  function,; 
intercepting  sui’face  runoff  and  carrying  it  across  slopes  in 
designed  channels^.  Diversions  are  normally  kept  in  peren* 
nial  hay ,9  while  terraces  are  used  for  the  same  crop  as  the 
contiguous  2.andc*  Both  diversions  and  terraces  are  used  to 
supp].ement  the  vegetative  control  effect  of  strip  cropping 
aiid  contour  cultivation  on  long  slopes  where  concentration 
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of  runoff  weald  cause  gully  erosiono  The  removal  of  hedge« 
rows  and  other  obstructions  is  often  necessary  for  the  in*- 
stallation  of  this  measure o 

Establishing  Perennial  Havr)  Vegetative  cover  consisting  of 
long  lived  legumes  and  grasses  suitable  for  hay  is  recent*-' 
mended  for  those  areas  where  clean  tilled  crops  cannot  be 
safely  grown  in  rotationc  Pveseeding  of  the  hay  mixtui^e  tjl,ll 
bs  done  at  infreque:nt  intervcQ.s  with  as  littlo  cultivation 
of  the  land  as  possibleo  Perennial  hay  is  also  re comme aided 
for  f:ilter  strips  to  protect  diversions o Runoff  will  be  re^ 
duced  and  erosion  will  be  largely  eliminated  by  adequate  hay 
cover  on  present  critical  areas® 

Cutlets  and  Watonanyso  Natural  drainage  ways  are  used  wher«» 
ever  possible  for  disposing  of  water  from  diversions  and  ter« 
race  So  They  are  usually  stabilised  and  protected  by  perma--^ 
nent  grass  cover©  inhere  grass  will  not  provide  a sale  cov«« 
er^  additional  protective  measures, ^ such  a^s  dr'op  structures 
chutss,9  or  fl-umss  will  be  used©  These  inechanical  measures 
are  included  under  another  heading©  Properly  const- ructed 
and  protected  outlets  and  waterways  will  appreciably  reduce 
gully  erosion  and  sedimentation  dama^©* 

Pastui'e  Managemento  The  objective  of  pasture  management  is 
the  maintenance  of  adequate  vegetative  cover  on  land  used 
for  pasture  to  reduce  erosion  and  runoffo  M-owing  to  control 
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weeds  arxd  remove  mature  grasses^  scattering  o.f  cb’oppings^  and 
regulating  the  intensity  of  grazing  are  essential  to  good 
pasture  managemsnto  Additional  fencing  is  usually  required 
for  adequate  control  of  grazingo  Certain  areas  of  pasture 
are  rough  or  are  partially  covered  by  trees  or  brasho  IJhere 
necessary^^  these  obstructions  will  be  removed® 

Contour  FurroT-dngo  Level  furrows  or  sraall  le-vel  terraces 
with  no  outlets  are  used  for  storage  of  water  on  pastured 
slopes  vjhere  the  vegetative  cover  is  inadequate » On  shall.ow 
shale  soiis^  chiseling  the  subsoil  on  the  contour  will  be 
substituted  for  contour  furrows©  Tenpcrvary  stora.^^  equiva-^ 
lent  to  one-half  inch  of  runoff  from  the  area  treated^  is 
provided  by  this  practice© 

Streambank  Erosion  Gontrolo  Eroding  streambankvS  on  sma^J. 
tributary  streams  cause  se^ilmentation  damage  do^jnsti'eam  and 
loss  of  flood  plain  land  adjacent  to  the  streams©  Erosion 
control  for  su.ch  banks  involves  sloping  the  banlcs  and  pro=^^ 
tec  ting  them  by  mechanical  means  such  as  riprap  or  by  suita« 
ble  vegetation^ 

Erosion  Control  Structures©  Included  in  this  classification 
are  such  small  structures  as  drop  inlets^  flumes^  and  cul- 
verts o Those  structures  are  used  to  protect  waterways^  out- 
lets or  other  water  disposal  channels  from  gullying  or  other 
types  of  erosion© 
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Wildlife  Area  Developmento  Small,  irregular  and  inaccessi- 
ble areas,  as  well  as  narrow  strips  of  land  along  field  bor- 
ders often  left  idle,  are  serious  erosion  problems  and  are 
usually  runoff  and  sediment  sources^>  Approximately  3^sh^0 
acres  will  be  stabilized  by  planting  and  protection  from 
grazingc  The  stabilization  of  these  areas  will  reduce  ero- 
sion and  sediment  production  and  provide  wildlife  covero 

Lnproved  Forest  Management o The  prograrn  will  consist  of  as- 
sistance,  instruction  and  demonstration  in  the  proper  meth- 
ods of  managing  and  harvesting  the  timber  crop  to  minimize 
destructive  logging  practices  and  to  maintain  good  forest 
cover«**thus  improving  both  the  hydrologic  condition  and  the 
timber  yield  of  forest  landso  Items  which  will  be  included 
ares  assistance  in  the  preparation  of  management  plans 5 as- 
sistance in  the  selection  of  trees  to  be  harvested-— to  im- 
prove both  stand  quality  and  stocking|  advice  and  assistance 
in  the  utilization  and  marketing  of  forest  products  to  give 
the  forest  landowner  the  best  possible  financial  return  for 
his  efforts^  advice  and  assistance  on  the  location  and  con- 
struction of  logging  roads  to  insure  minimum  disturbance  of 
hydrologic  conditionsj  assistance  in  correcting  unsatisfac- 
tory drainage  conditions  on  present  logging  road  and  trail 
systems=*«including  installation  of  water  spreading  devices 
to  distribute  runoff ^ gully  checks,  additional  drainage  dit- 
ches to  remove  runoff  from  abandoned  eroding  roads,  and 
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reseeding  of  bare  eroding  areas;  assistance  in  protecting 
forest  areas  frora  livestock  grazing  which  compacts  the  soil 
and  destroys  tree  reproduction© 


Forest  management  is  needed  on  the  entire  721^800  acres  of 
manageable  forest  land  in  the  watershedo  Hor-Jever^  not  all 
of  the  measures  listed  above  wall  be  needed  on  every  acre© 
The  following  amounts  are  recommendeds 

Management  plans©  o©  li20^000  acres 

Timber  marking®  43oo«o©ooi>oc  310^7^0 

Utilization  and  marketing  service  ® © 638^^00  ” 

Logging  road  stabilizatio.Uo  o o » o o ii98^i|00  •* 

Protection  from  grazing  o © o o o © ® 12^000  •• 


Forest  Plantin^e  Approximately  26^900  acres  of  openland 
17U.1  be  planted  to  trees©  The  remaining  acreage^  recoFr* 
mended  for  conversion^  will  be  allowed  to  restock  natui^ally 
because  it  is  favorably  located  with  respect  to  seed 
source 3c 

Fabl.ic  Land  Acquisition®  Approximately  a.cres  of  land 

in  the  strip  mining  region  of  the  Lower  Susquehanna  Uater*' 
shed  mil  be  purchased  by  public  agencies  for  paries^  gams 
lands^  or  forests©  These  areas  are  in  western  Schi;^lkill 
County  and  northern  Lebanon  Coimtye  The  land  to  be  pur« 
chased  contributes  heavily  to  flood  water  and  sediment  flow 
and  its  acquisition  is  necessarj;^  to  good  flood  control 
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adraird.ii!trati.on  and  watershed  protect! one*  Much  of  the  area 
needs  stabilization  and  revegetation  follomng  strip  mining 
operations  f) 

Dild.ng«i>  This  mea.sure  provides  protection  from  inundation  of 
valuable  bottomland  and  such  iinprovements  as  iii.ghways  and 
farm  buildings  where  limitation  of  rights «of»ways  and-  gradi« 
ents  prohibits  the  use  of  channel  improvements  The  dikes 
will  be  of  earth  fill  construction  with  side  slopes  of  i§?l^ 
and  generally  will  not  exceed  five  feet  in  height-.  Floods* 
ways  will  be  provided  to  safely  carry  flood  discharges  of 
design  frequency® 

Stream  Channel  Improvement©  The  objectives  of  this  measure 

.iMtu  ■■■tn  irf  n ii-  m ■ ■»— wXtg— 

are  to  reduce  the  damages  resulting  from  inundation  of  valu« 
able  bottomland_3  provide  outlets  for  drainage  works^  and 
furnish  flood  protection  for  high  value  improvomients^  such 
as  highways  e railroads^  bridges  and  farra  buildings ■>  To  aC'-» 
comjjlish  these  objectives  the  discharge  ca^-pacity  of  stream 
channels  mil  be  increased  by  the  removal  of  debris  and 
sediment  deposits^  clearing  and  snaggings,  realigment  and 
banl-z  sloping 
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PROGPJyy^  APPR/IISAL  y 


The  prisiar^"  effeots  of  the  recoLMended  prograir.  toward  re- 
ducing flood;,  sedhvient^  and  erosion  damages  were  evaluated  separately 
in  monetary  terms*  Other  bene fits , monetarily  evaluated^  were  land 
enhancement 5 increases  in  cropland^  pasture  and  forest  production  and 
decreases  in  cost  of  production  due  to  the  recomniended  changes  in  land 
iTjanagement « 

It  is  expected  that  when  the  recoimended  program  is  fully  ef- 
fective j the  red.uction  in  flood,  sediment,  and  erosion  damages  for 
the  watershed  will  be  y^^^percent,  percent,  and  lO^per cent 

respectively^  Other  benefits  due  to  decreasing  the  hazards  of  floods 
and  sediriientaticn,  but  not  experienced  in  monetai^?-  terras,  are  savings 
in  lives  and  mental,  distress,  increase  in  property  values,  decrease 
in  loss  of  fish  and  ijildlife,  increased  low  x^aterxlow  of  streams  re- 
sulting in  polluticn  abatement,  water  conservation,  fewer  interrup- 
tions in  community  functions,  and  others  of  a more  or  less  intan- 
gible nature » 


Substantial  land  enhanceraent  benefits  will  accrue  to  land- 
ox'jners  due  to  the  decreased  flood  hazard  xjhich  ndll  allow  more  in- 
tensive use  of  the  lando 

Changes  in  land  use  and  land  maiagement  as  recoramended,  will 
increase  cropland,  past^ure,  and  forest  production,  and  will  in  some 
cases,  decrease  the  cost  of  production.  They  will  also  control  erosion 

1/  All  estirr.ates  of  costs  and  benefits  are  based  on  projected  long- 
term prices. 
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to  the  point  uhere  present  rates  of  production  can  be  maintained 
without  increasing  the  cost  of  that  production.  These  benefits, 
to  tlie  extent  that  they  accrue  to  the  landowners  and  operators, 
have  been  evaluated  in  monetary  terras.  From  these  private  benefits, 
however,  the  public  will  gain  by  way  of  maintenance  of  natural  re- 
sources and  public  revenues,  a constant  SUPP13?"  of  cropland,  pasture, 
and  forest  products,  improved  recreational  facilities,  and  increases 
in  fish  and  wildlife  throughout  the  watershed. 

EFFECT  OF  LMD  TREMiiHIT 
Flood  Damage  Reduction 

Evaluation  Procedure,  Reductions  in  flood  damages  expected 
from  application  of  the  recommended  program  were  calculated  for  each 
stream  on  which  damages  were  evaluated.  A sumriary  of  the  present 
average  ainual  flood  daiaages  and  the  estimated  reductions  is  shorn 
in  Table  lo  Tlie  reduction  in  average  annual  damages  is  eq'oiva].ent 
to  the  difference  in  average  annual  danages  sustained  ivith  going  pro- 
grams fully  effective  and  the  estimated  average  annual  damages  after 
the  applicati.on  of  the  recommended  program. 

The  evaluated  daraages  shonn  do  not  include  those  which  are 
expected  to  be  controlled  by  existing  projects  or  projects  under 
construction  by  the  Deparhiient  of  the  Array,  Corns  of  Engineers.  Tlie 
method  used  in  deriving  flood  reductions  is  illustrated  by  the  fol- 
lowing discussion  of  its  application  to  Reach  3 of  Conestoga  Creek, 
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uble  1.  Average  Annual  Flood  Damages  and  Benefits 
Projected  Long  Term  Prices 
Lower  Susquehanna  River  Tfetershed 
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Sample  Appraisal  Method.  This  tributai^r  of  the  main  stream 
'nas  a drainage  area  of  11?  ,8  square  miles  at  Reach  3.  Flood  damage 
along  the  creek  in  this  reach  includes  industrial^  agricultural  and 
highway  damages  that  are  t^naical.  Dar.:age  frequency  relations  repre- 
senti.ng  going  program  conditions  and  conditions  with  the  recommended 
land  trcativient  prograra  in  effect  are  shown  in  Figure  17.  'The  upper 
graph  in  the  figure  shows  damage -frequency  relations  with  the  going 
program^  x^hile  the  lower  graph  shows  tiiis  relationship  with  the  recom- 
mended land  treatment  program  in  effect.  These  graphs  showing  daiage- 
frequency  relationships ^ were  developed  by  first  relating  flood  damage 
to  flood  stage.  Stage  was  then  related  to  discharge  and  discharge  was 
in  turn  related  to  frequency o Discharge -frequoncs?'  relationships  are 
shoX'jn  in  Figure  l6.  The  method  of  deri''/i.ng  discharge -frequency  curves 
is  shox-jn  in  Section  IV  of  this  Appendix. 

The  flood  reduction  benefit  is  computed  from  the  graphs  in 
Figure  17.  In  the  case  of  reach  3 of  Conestoga  Creek  the  average  annual 
damage  x^jith  the  going  program  is  ‘,3^3^41+  and  xvith  the  recomraended  land 
treatment  program  is  $2^500.  The  anniual  benefit  attributable  to  the 
recomraended  program  is  the  difference  betx-reen  the  txjo  amounts  or 

Summaiy  of  Benefits,  Using  the  above  procedure,  the  average 
annual  flood  damage  reduction  for  the  watershed  attributable  to  the 
recomm.ended  land  treatment  program  is  |>32,l4.68.  Of  this  amouat,  $3^9^^ 
is  reduction  in  agricultural  damages  and  ^28,r>13  is  reduction  of  non- 
agri cultural  damages. 
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Sedirrient  Dama  ga  Re  due  t ^ on « 

Installation  of  the  necoiniiiended  land  treatment  prcgraivi  nf-ll 
nrovide  sediment  reduction  benefits  from  several  sources  <,  Certain 


of  the  recoramended  'measures  x-jhich  ccn'brol  erosion  xjill  substantially 
reduce  the  'nujfoer  of  present  active  sediment  source  areas  o 

Channel  Drecy-ing.  Sedii;.ent  deposits  in  stream  channels  xjb,ich 
cause  highujay^  bridge,  and  road  grads  damage  will  be  reduced  approx- 
iiTiately  I4O  percent  by  the  installation  of  the  needed  land  treatment 
measures,  Tliis  xj5.11  reduce  arin'eal  chvmncl  dredg5nig  costs  (ji20,h20. 

Of  'this  amount,  60  percent  or  0l2,33-2,  is  attributable  ‘bo  the  re  corn- 


men  de  d p r o gram. « 

H5.ghxj-ay  maintenance » Sediiiient  deposits  in  highxjay  ditches, 
culverts,  and  on  road  surfaces  x^jHI  be  reduced  approxiraately  6c  per- 
cent by  the  soil  stabilising  effect  of  the  land  treatment  measures. 
This  xjill  ei.fect  a reduction  of  sioC^lCO  in  annual  highxjaj''  maintenance 
costs.  Of  this  amount,  approx5.mately  60  perce'nt  or  $30,060  is  attribu 
table  to  the  recommended  program. 

Water  Treatment . The  sediment  content  of  domestic  xvater  sup- 
plies will  be  reduced  enough  to  e.ffect  a percent  reductio'n  in  ex- 
penditures for  fj.l'bration.  This  am.ounts  to  a reduction  of  $8, 2^0  in 
annual  xjater  treatment  costs.  Of  this  amoxmt,  60  percent  or 
is  attributable  to  the  land  treatment  measures  5.ncluded  in  the  recom- 
mended  program. 

Reservoir  Siltaticn.  Reservoirs  are  excected  to  be  replaced 
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prior  to  snj  significant  loss  of  services  resulting  frora  storage  loss 
through  sediment  deposition.  In  determining  the  useful  life  of 
reservoirs  under  present  rates  of  storage  loss^  it  was  estiraated  that 
after  two-thirds  of  the  original  capacity  is  lost^  the  reservoirs  mil 
ie  -inadequate  to  'orovide  a dependable  supply  of  water  and  will  be  re- 
placedc  The  measures  planned  wi.ll  reduce  the  rate  of  storage  loss 
67  percent  through  reducing  the  rate  of  erosion.  This  rjeneficial 
effect  will  triple  the  useful  life  of  the  reservoirs.  The  original 
cost  of  constructing  the  reservoirs  and  the  cost  of  replacing  the 
storage  lost  was  not  available.  The  cost  of  replacerrient  was  estimated 
for  each  reservoir  on  the  basis  of  average  costs  of  providing  an  acre- 
foot  of  storage,  ilie  estimated  cost  of  rex^lacement  ranged  from  •'•270  to 
:”6oO  per  acre-foot„  depending  on  the  characteristics  of  each  reservoir* 
Inasmuch  as  the  reservoirs  represent  public  investments^  2-1/2  percent 
iiterest  rate  was  used  in  the  evaluation,  A sample  calculation  is  pre- 
sented below: 


Water  Supply  Reservoir  - Located  on  West  Branch  of 

Eammer  Creek 


Useful  Life  of  Reservoir  WWthout  Prograrn. 

29  Years 

Useful  Lij?e  of  Reservoir  With  Program 

87  Years 

Replacement  Cost  of  Capacity  Lost 

(535,750 

Average  iinniial  Da^mage  Without  Program 
(3^., 7^0  X .C238913  l/) 

Average  Annual  Damage  With  Rrograrri 

(35,750  X ,0053025  2/) 

V 118 

Average  Annual  Benefit  (89u  -*  II8) 

fp  736 

1/  Sinking  fund  factor  for  29  years  at  2-1/2  percent  interest. 
Sinking  f-und  factor  for  87  years  at  2-l/'2  percent  interest c 
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The  installation  of  the  total  land  treatment  measures  needed 
will  reduce  the  loss  of  reservoir  storage  capacity  amounting 

to  an  average  annual  benefit  of  $13567!;  (Table  2)  . Of  this  amount;, 
60,^5  or  $8520!;;,  is  attrj.butable  to  the  recommended  program. 


Table  2o  Value  of  Reduction  of  Sedlm.ent  ranage  to  Water  Supply 

Reservoirs 

Lower  Susquetianna  River  Watershed 


; Useful  Life  j 

Replacement 

iAv  .Annual 

Average 

Location  of  Reservoir 

Without 

; With  1 

OOS  u 

Damage 

1/ 

Annual 

Program 

iPrograiil 

(Without 

J V J Ox  i 

Benefit 

1 

, I 

. 

j Program 

Program  ? 

j (years) 

* (years)j 

(dollars) 

j (dollars)  |(doILars); 

(dollars) 

Tributary  of  Sou’bh 
Branch  Conewagn 

[ 12 

36  1 

39,730 

i 

2,885 

695! 

? 

2,190 

West  Branch  of 
Harrmer  Creek 

1 

! 

29 

87  1 

35,750 

854 

i 

118 1 

736 

Cabin  Creek 

26 

73  ! 

102; 892 

2,857 

U59l 

2,518 

Tributary  of  West 
Branch  Codorus  Creek 

157 

: 471  j 

197,57)4 

V 

1 

Octoraro  Creek 

282 

8I16  1 

2,0655500 

?/  j 

1 

Paxton  Creek 

45 

135  ! 

2 63 5 160 

3,228 

2ii3i 

J 

2,985 

East  Branch  of 
Si/ ja  tar  a Creek 

83. 

1 

2l;3  1 

37)4,544 

l,U5  1 

d 

I5552 

Fishing  Creek 

90 

270  1 

34156.96 

I5O37 j 

11! 

i 

1,026 

East  Branch  of 
Codorus  Creek 

103 

1 

8055650 

J 

i 

I57I3I 

! 

; 

loj 

1,708 

Branch  of  Codorus 
Creek  at  Spring 

309  1 

; 

1 

! 

) 

i 

,i 

i 

i 

i 

Grove 

22 

66  1 

40  5 950 

l,i.;19  i 

250I 

1,169 

\ 

TOTAL  1 

: 

1 

i 

i 

1 

J 

155  562  = 

I5788; 

13,67k 

V'  Calculated  by  use  of  sinking  fund  method^  using  2~l/22o  interest  rateo 
'y  Value  not  significant* 
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Erosion  Damage  Veduc tion 

The  total  lend  treatrient  prograia  needed  in  the  i-jatershed  nill 
reduce  soil  losses  sufficiently  to  prevent  future  losses  in  incorae 
froLi  soil  erosion  on  agricultural  lando  Therefore,  the  benefit  frora 
the  total  land  treatraent  program  would  be  equal  to  the  present  aver- 
age annual  dar.iage  from  soil  erosion  araountiaig  to  032  366,500.  It  is 
estjjnated  that  60  percent  of  this  benefit  or  $2,0312900  is  attributable 
to  the  recommended  land  treatment  program, 

EFFECT  ADDITIONAL  MEASURES 
Appraisal  P rocedure . 

Benefits  from  additional  measures  were  computed  separately 
and  include  either  reductions  in  flood  damage  over  and  above  that 
attained  by  the  land  treatment  measures  or  land  enhancement  values 
through  increased  crop  and  pasture  production. 

Land  enhancement  is  used  as  a means  of  evaluating  benefits  on 
many  low  gradient  streams,  where  frequent  flooding  and  scdirrientation 
occur o Flood  daraage  in  hiese  areas  is  relatively  low  because  of  the 
present  limited  use  of  the  land.  However,  benefits  would  be  consid- 
erable if  the  frequent  flooding  and  sediiiientaticn  were  prevented. 

This  situation  occurs  in  the  upper  reaches  of  some  of  the  sample  trib- 
utaries studied.  Extent  of  damage,  m.ethods  of  control,  costs,  and 
benefits  were  studied  in  these  areas.  Benefits  due  to  tiie  enhance- 
ment of  the  agricultural  land  by  way  of  channel  improvement,  prevention 
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of  frequent  in'undation^  and  reduction  of  sediir^entation  xrere  detor- 
mined  ae  the  difference  in  the  net  value  of  crop  and  pasture  pro- 
duction luider  present  conditions ^ and  under  conditions  prevailicg 
with  the  corrective  measures  ir.stalled» 


• Iteras  used 
are  shown  in  Table 
ir elude  such  items 
tion;  harvest^  and 


in  computing  the  annual  val.ue  of  land  enhancement 
3‘>  C'csts  of  crop  production  were  estimated  to 
as  seed;  fertilizer^  land  preparation,  cultiva- 
all  labor.  Costs  of  land  clearing,  farm  ditching. 


etc,,  were  included  as  project  costs o No  reduction  in  flood  damage 
to  grox'jing  crops  in  these  areas  was  clcdmed^  In  estimating  crop 
yields  for  both  oresent  and  future  conditions,  the  probable  extent 
of  flood  damage  xxre.s  considered. 


Table  3.  Values  Used  in  Evalu.ating  Land  Enhancement 


Attributable  to  Additional  IVaas'ores 
Lower  Susquehanna  River  Watershed 


■■  " 

Value  of 

Cost  of  i 

Net  Value  of 

Crop 

Yield 

ProduG  ‘td.  on 

Production  | 

Production 

Per  Acre  f Per  Acre  ( 

Per  Acre 

(dollars) 

(dollars)  | 

1 

■Cdollars ) 

Corn 

69  Eu. 

?'4.25 

Ulo90  1 

52.35 

vJiieat 

23  Bu. 

3U-96 

26.30  I 
1 

6 .,66 

Hay 

1.9  Ton 

27.90 

19.55  I 

8.39 

Poor  Pasture 

30  A.U./Day]/ 

Uc80 

2o0  ! 

2.30 

Good  Pasture 

90  A,U,/Day 

lu.Uo 

9.60 

8.80 

1/  Animal  Unit 

s grazing  per 

day. 

Flood  damage  reduction  benefits  accruing  to  the  additional 


measures  includes  reduced  da^nage  to  urban  and  commercial  installa- 
tions o These  benefits  were  calculated  bj?"  estimating  the  reduction 
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in  flood  stages  and/or  frequency  of  flooding  resultijig  from  estab- 
lishiienu  of  these  measures 
Diki'^jg  r, 

This  measure  is  recornmended  xjhere  the  present  channel  condition 
and  capacity  are  inade-iuata  and  liraitations  of  gradient  and  right-of- 
way  piohj.bit  excavation  t''  the  required  capacity.  The  effect  of  diking 
is  to  contain  within  flood  ways  the  flow  which  woul.d  ncrrrially  be  out- 
side of  the  existing  ciu.mrr/lo  A:i  examcle  of  the  computation  of  the 
effect  of  this  measure  on  th.^  South  Branch  of  Codorus  Creek  follows: 

CoUvStruction  of  ?L'dh  feet  of  f"foot  dike  will  protect  the  damage 
point  in  question  against  backwater  from  m.ost  out-of-bank  flows.  The 


frequency  of  inundation  will  be  reduced  from  an  annual  occurrence  to 


once  in  more  than  100  years ^ The  revised  damage -frequency  curve  for 
the  point  shows  a reduction  of  $7Bol7  in  annual  damages. 

The  estimated  instal.lation  cost  of  this  12q-feet  of  dike  is 
$8^8;,  of  which  is  public  and  .ffla  is  private.  Expressed  in  annual 

tems;,  using  2-1/2  and  k percent  rates  of  interest  respective  13’-^  the 
cost  is  t/2[i.66.  It  is  estimated  that  the  annual  maintenance  cost 
will  be  ^31*,^0,  making  a total  annual  cost  of  $56ol6.  Thus  the  bene- 


fit-cost ratio  of  this  section  of  di.king  is  l.U  to  1. 

Using  the  above  method^  the  amount  of  diking  needed  for  the 
whole  watershed  xjas  evaluatedo  /in  annual  benefit  from  the  recom- 
mended  diking  amounting  to  v3iH3  is  included  in  Table  1.  This  bene- 
fit is  derived  entire l3/‘  from  reduced  inundation  daiaage. 


- 10 


' ■■■  IV 


Hb  p.A'\  t fii: 

' ' 'r ■■  - 


'V 

,:,v  V . 


I .-V  V^'l 


nar-^lbfSs^o  Iscui£f:j;^  j;>-sea*2.q  '&ipM  jii  -v:  - 

b^'m-  •Trw.it'’ -x\,  1'  » ,:K'4?^<  .I'.: «' •XftfJ 
2*ibl^fc  1&  :i'0'^1iB  -I  I ■•.{•■>  h.."/«^'“  'jitir,  f ■■'  .^•  :UT?.;vr-  v;yv< 

'■■  ■ ..{ihl 

-JjO  od  ":Xr^'ri-.  .T  ftliktw  it. S’ .!•;.*■  -^Ji-'t  '■'-  ''X 

er.l'  '^0  rtoi'*iiS';*t'«'m-4)  o.  ^S<^at§kr.o  ’■  ■•/;■  •c'^  ^xr.Utilkr.  ;n'i>  :•  ■ ' i?.. 

E’.r;6t?'-v  ‘ c*  ■:i;firt’:S  nc  e'iaejc?^^^  ;■'■  • •■•',, 

.♦ 

s;^ST2i;;Jb  0 1 ill.  to  no lc!oi/'a j 

er 

Jr-fC  »,r.«.'n  l-">1  VC  <}■*.  -Tist  'HO  •’ i 

<xJ  OD0OTtift>oo  Xisvffnn  «/■  nri>  -"’f'  lar  ^ncx-t^k^fivni  I-.'  7 * '?'-»*T‘'^%^v'‘" 

r 

tot  nvo/o  -’w  Ui^t  . -"  .v,:y:  C>^aC'  rUfifil  !.«, -.&r*“n?V'. 

»i>  t?.:  ^\'W.  4t*  if--"  ' .':.o^’  :.':^ihcrj  ^ st.-v-.V;  .1  ■b.v'^  t-»r^> 

Xnirmz  (I i ..Mr.vr.^:^  JXt^J  btbi  J>il':fwq’  ?x  dtjJiivi  lo 

^ ^’^'nf-td  lo  .ie^r.7  4!  hna  ^Vfr-'S  ,*rjrtl::i;f 

&^iOo  3Vi-'x'^4.  n*U»'  feuAi/w  M ^'U  bawj,,ttio  ei  sJ  , >200 

-.n  wd  s>:ii  r..*A?  Ic.  vftjoo  X&x^nii  : c rv'to.:?  ‘ €»'J  iri:t^ 

,£  DC  iKl.  iiJ-^^iltditi  to  npxio^  to 

!i 

niU’  'tol  ^»U'Xi5  Ic.  ^AL*o?»  'adit 

^ 10^ grt-  SK,iS  ^*il,'.(it^>»T’^<f  liit^r.^  n*\  #:..o4^yr-'vo'?:.>sf  BianG'ii><t;nj  olaiy/ 

■/■'.  ,5>  , ■ . .. 

-arriici  niifr  *X*  ‘j1  ni>  bobtfloaJb  oi  CLC,4.  oi  b6bn©n 

. /»r7ii45iy!onI  beoirfi^T  well  •'Xo^iims  bevi*i?^  cl  vtil 


VI 


stream  Gharjn.el  Improvement. 

'Hits  measure  provides  for  the  improvement  of  stream  channels 
by  exca\^ation  and  realignment  in  order  to  increase  their  capacity 
and  reduce  the  frequency  of  out-of -’bank  flow.  All  channels  on  which 
improvement  work  is  done  will  have^  as  a minimum ^ a designed  within - 
bank  capacity;-  equal  to  the  discharge  to  be  expected  once  in  five  years. 

Tne  method  used  in  making  the  necessar>’  designs  and  evaluations 
is  illustrated  by  the  calculation  for  Reach  1 on  snnple  stream  I-'R2 
/ in  the  Swatara  Creek  Matershed. 

By  field  suraz-ej^s  it  was  determined  that  the  hydraulic  slope  at 
bank  full  stage  was  0.006I|.j  the  roughness  coefficient  n = O.Ou^  and 
the  cross  section  area  of  the  present  channel  approximate 13^  12  square 
feet.  Using  Manning’s  formula^  the  velocit3?-  was  calculated  at  3 feet 
per  second.  Using  the  formula  C'  - AV^  the  bank  full  discharge  under 
present  conditions  w'as  calculated  to  be  36  cfs  or,  for  the  3o-iR  square 
mile  drainage  area,  10, li  csm.  The  discharge -frequencj^  relationship 
0 for  Swatara  Creek  (see  Section  III)  indicates  this  discharge  has  a 

200  percent  chance  of  cccunrence  in  an.3/  one  3^ear,  Because  of  frequent 
flooding,  the  179  acres  of  adjacent  fertile  bottomland,  is  used  only 


for  pasture  and  is  classified  ’’poor  pasture". 

It  has  been  established  that  to  permit  pasture  improvement 
and  manageruent  for  good  pasture  production  the  frequency  of  flooding 
should  not  be  greater  than  once  in  five  years.  Using  the  discharge - 
frequency  relationships  for  Swatara  Creek,  it  T-7as  determined  that  a 


- 11  - 


it3CTCJ.'5  Ic  dzaeis^etryil  e.'i  •Cffl  BJ'Wvot^  rxiSi* Tt &-U /■  . ";  re y 

' t’  - ■ . ' - ' fti  ■ . '■ 

\7t>oac'i5a  c*:i50lOfrt  ci' rro£y^'A' r:!  s+r9?.iy^'/-Xnr.^ 


. ao  vv3::r.-:'fo  XIA  .w.1  - -^vd*  Ji-’t  &ai.'fcsX  Cim 

. X©rt  ^aob  «=;  is  ^ y^ro/MXiir  Oftcb  s!  :*iovr 

.rii’  v f.vi\  n-  ■ o/ic  bT^o>  ocf  o ' s-c'b  odi  X^^ros  v^*  :Url 


1 ns»  C.1  ^.;,  1 ■ V I .’T  £ 2 TV  X'*-’- 

'>;-T  lUJ  or?n.;-.3  .'w  X * 

C*"  G-  cl'i  .ir\i 

' idilOluJ  .'^  C‘.' 
jX  ' -';•  fn.-ii.xV-n!  s j'  . 

6 r>  fi  r.  ^ r i ;c  t • t ’ ’ 

r;-  . il/  SZt\  'U 

©ir'”“»‘!  'i  - »v..  - ."i- 


rT  O-^  Grfl  Xprii^s^'  kT 

'Cf-l  rioXvf^ff'?!  "2  o<i*  a’l 

' ^ . XosriC  ‘etr.;»sv?t:  e iJ  a):' 

:>3al  ’r.v  .i  ' ?'^*<v-.xr5  v9 

^ J 

*-'t5S3rii"  i/ct  or’cta  XXi'l  :fnaX 

/fw’D  “in  oiii 

,'^*A  j.  ^ ;Tff  -t  fi&  'n'csH  , ^•^ /.’Qa 
*>C  O^J  Oy  T»CX>*J^..otr»o  ..flr  ri;V.,; '*  X ’lOt- 


c,> &rc !.*cc‘ ; afiV  .fsio  ©X.wm- 

N * 

G 5n't  1:  :^  f'VZ  ;>  ’ ' o)  ‘'  o*:A:fr:/2 

i 7^//, '*'.  »■•-<  i'.oriT  . ’*.  r:  rX  a*  t-.  • X'  on  fo  -~.o*r it 

' *' 

‘ v::r.t- nv  V*  -!  •*  r-**  r.<xx/  •'! 

' '.%■'/  .'  ■*’ 

'jiuH'ryoXU  " ^ ott^dJaja^  to?/. 

- 

-r:T*^c.5>fe  *?  / - i*tr  r»;  'iv cfl  co*<<^  IxXj/Off': 


>H> 

.n 

to 


VI 


discharge  equal  to  111  csm^  or  383  cfs,  would  have  a 20  percent  chance  of 
occurrence.  Using  Manning's  formula^  with  S = 0.006I|.  and  an  improved 
roughness  coefficient  n = 0#03^^  it  was  deterrained  by  trial  that  a 
new  channel  section  3.2  feet  deepj  xjith  a Ik  foot  bottom  ui.dth  and 
2 to  1 side  slopes^  would  have  the  necessary  discharge  capacitj'^;,  at 
ban.k-full  stage ^ of  38?  cfs. 

Tliese  same  determinations  and  calculations  are  made  at  fre- 
quent sections  along  the  reach  to  indicate  the  required  channel  size 
at  each  section.  In  each  case  the  channel  is  designed  to  carry  a 
discharge 5 with  a 20  percent  chance  of  occurrence. 

Tlie  estimated  installation  cost  of  tliis  channel  improvement 
includes  35I9B  for  clearing  and  excavation,  $970  for  rights-of-way, 

$92q  for  engineering  and  supervision,  and  $92^  for  contingencies, 
making  a total  installation  cost  of  |8,Ol8.  Of  this  total,  hp^fl? 
is  considered  a public  cost  and  $2,501  a private  cost.  Using  interest 
rates  of  ?.h  percent  and  U percent  respectively  for  public  and  private 
expenditures,  the  annual  equivalent  of  installation  cost  is  (238.  The 
annual  maintenance  cost  is  estimated  at  $352,  vjhich  gives  a to":al 
annual  cost  of  $590.  Ey  calculating  the  enhancement  value  accruing 
to  the  179  acres  of  bottomland,  the  annual  benefit  is  determined  to 
be  $l,l61j  and  the  benefit-cost  ratio  is  approximately  2 to  1. 

Using  the  above  r.iethods,  the  average  annual  benefit  from  the 
recommended  stream  channel  work  is  estimated  to  be  (47.667.  Of  this 
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amoimt;,  ^li3,9kh  is  attributable  to  land  enhanceiiient  on  5^982  acres, 
while  the  remaining  t'3^723  is  due  to  flood  damage  reductions.  The 
latter  value  is  included  in  the  flood  reduction  benefits  shown  in 
Table  1, 


Summary  of  Benefits  from  Additional  Measures » The  total 
average  annual  benefit  from  the  recommended  additional  measures 
amounts  to  t'90,7oO.  Of  this  amount  $435  9aU  is  from  land  enhance- 
ment and  *6,836  from  reduction  in  inundation  damage. 


OllIER 

In 


BS'EFITS  FROM  RFCChllFDhE 
addition  to  the  benefits 


LiND  TREAIiiEhT  PRCGPihl 
already  discussed,  there 


mil  be 


other  benefits  which  will  largely  accrue  to  individual  owners  and 
operators  of  land  in  the  watershed.  Land  trea'hnent  measures  in  the 


recommended  program  not  only  reduce  soil  erosion  and  retard  runoff 
but  also  increase  crop  production.  Chaiiges  in  land  use  recommended 
may  reduce  farm  operating  costs  on  land  that  is  retired  to  less  in- 
tensive uses  ^ 

Increased  Income  from  Crops . 

Appraisal  Hethod,  Contour  farming  practices,  and  other 
conservation  practices  recommended  for  rotation  cropland  will 
increase  yields  about  10  percent.  This  increase  was  applied  to 
the  present  yield  of  the  land  to  remain  in  cropland.  This  land 
produces  higher  yields  than  the  average  of  all  present  cropland,  so 
the  total  increase  over  present  yields  reflects  both  the  effect  of 
conservation  practices  and  the  conversion  of  the  low  yielding  crop- 
land to  other  uses.  No  increase  , ia  yields  of  orchards  was  claimed 
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for  conservation  practices e Thus,  the  spread  between  present  and 
future  orchard  yields  represents  the  difference  in  yield  of  the  land 
to  remain  iri  orchard  and  the  average  yield  of  all  land  now  in  or- 
chards o The  increase  in  average  crop  yields  more  than  offsets  the 
effect  of  reducing  cropland  acreage  in  all  cases  except  oats,  mis- 
cellaneous small  grains,  peaches  and  apples*  The  reduction  in  these 
crops  appear  to  be  consistent  x^ith  farmers*  desires  as  indicated  by 
an  analysis  of  conservation  farm  plans  now  in  effectc  In  the  case 
of  oats  and  miscellanecus  small  grains,  the  desired  reduction  in 
acreage  is  due  to  the  lox-j  income  from  these  crops©  As  to  peaches 
and  apples,  the  desired  reduction  in  acreage  is  due  to  labor  short- 
age and  high  risk© 

Effect  of  Program*  The  change  in  acreage  of  individual  crops, 
average  per  acre  j^ields,  and  total  production  is  shoxm  in  Table  ij* 

The  total  value  of  production  on  cropland  will  be  increased  3®8  per- 
cent, amounting  to  |2, 399^373  annually*  vSixty  percent  of  the  crop- 
land measures  from  which  this  benefit  arises  x^ill  be  installed  under 
the  recommended  program^  This  gives  a benefit  on  cropland  credit- 
able to  the  recommended  program  of  f;l,h39;?624  annuallyj 

The  acreage  of  perennial  hay  will  be  increased  about  6^8  times 
or  6)4,100  acres  which,  together  with  the  increases  in  hay  production 
on  cropland,  will  increase  total  hay  production  27  percent*  Inasmuch 
as  the  watershed  is  favorably  located  xjith  respect  to  milk  markets, 
the  increased  hay  production  can  be  efficiently  utilized*  About  u8 
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percent  of  the  increased  acreage  of  perennial  hav  needed,  or  30^600 
acres,  uill  be  installed  lander  the  recoMnended  program^  The  value 
of  production  from  this  acreage  amoimts  to  f:l;,002j,^?Ii0  annual.ly  uhich 
is  creditable  to  the  recoimusnded  program^ 

The  total  average  annual  increased  crop  production  benefit  of 
the  recommended  program  is  C-2 ($l,ii39 56211  plus  -11,002,541) 

Increased  Pasture  Production 

Hsthod j Pasture  management  as  recommended  will  in- 
crease the  grazing  capacity  3h  animal  imit  pasture  days  per  acre® 

The  value  of  an  animal  unit  pasture  day  is  based  on  ha3^'  equivalents 
graced  dailj”  bj"  an  animal  unit  receiving  no  other  feed,  and  l/2  the 
market  price  of  hay.  The  calculation  is  presented  belowg 
35#  hay  equivalent  grazed  daily 
613960  market  price  per  ton  of  hay 

X 35  = 0cl6 

2 X 2000 

60^jl6  value  of' an.  animal  unit  pasture  da^* 

Effect  of  Programc  Under  the  recommended  progrsari  pasture 
management  measures  would  be  carried  out  on  109>600  acres  3 Water- 
shed needs  for  pasture  seeding,  liming,  and  fertilization  will  be 
accomplished  under  present  going  programs '^he  values 

1/  Prices  Usedt  Corn  OleU^/bushel,  potatoes  Ci, 10/bushel,  wheat 
~ Ol»52/bushel,  oats  -;;r:04.7'3/bushel,  ba'rley  Ol^Ol/bushel,  peaches 
$2»05/bushel,  apples  $lc, 65/bushel,  hay  .fl8o60/tone 
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coFiputed  above  the  ainual  benefit  from  pasture  management  creditable 
to  the  recoinmended.  program  is  $596^2214., 

HTGREASED  FOfSST  PirDUCTION 

Apprai sal  me thod , Data,  used  dm  evaluating  the  forest  land 
benefits  were  collected  from,  several  sources.  Fd..eld  parties  gathered 
basic  information  on  forest  areas ^ timber  types ^ forest  condition 
classes,  and  forest  ownership.  Forest  surve2rs  and  other  studies 
carried  on  within  and  adjacent  to  the  -watershed  provided  data  on 
growth  rates,  annual  cuts,  and  stumpage  prices,  ilicse  surveys  in- 
dicated that  the  Tiatershed  had  an  average  growing  stock  of  about 
7.90  cu,  fto  per  acre,  that  the  net  growth  rate  was  about  Ijp  or  an 
average  of  30  cubic  feet  per  acre  per  year,  and  that  the  present 
annual  cut  was  about  20  cu,  ft,  per  acre  or  10  cubic  feet  less  than 
net  growth. 

Data  collected  by  the  field  surveArs  and  studies  oro-vided  a 
basis  for  computing  the  value  of  the  estimated  forest  yield  70  years 
hence  under  the  follox^wng  conditions:  (3.)  with  the  recommended  program 
installed  and  effective,  and  (2)  x-jithout  the  recoromended  program  but 
assuming  that  current  programs  would  continue  at  present  levels.  'The 
estimated  benefit  was  deterrained  by  subtracting  the  value  of  the  forest 
yield  e.-::pected  without  the  program  from  the  value  of  the  forest  yield 
expected  with  the  program.  An  increase  in  quantit3r  as  well  as  an 
improvement  in  quality  of  timfjer  products  will  result  from  installation 
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of  the  recoiTJTiended  program. 

The  foiloxvlng  assimiptions  were  made  in  computing  the  value  of 
the  future  yield;  (l)  present  annual  cut  will  gradually  increase  until 
it  equals  annual  net  growth;  (2)  the  present  excess  of  growth  over 
annual  cut  will  accuraulate  as  an  addition  to  grox-Ting  stock;  (3)  growth- 
rate  vjill  remain  constant  at  h%  while  growth  in  cubic  feet  per  acre 
will  increase  as  growing  stock  volume  is  built  up;  (1)  stumpage  prices 
received  land  owners  v.b-11  remain  at  iiis  same  levels;  and  (f)  annual 
cut  at  70  years  will  equal  annual  net  growth  at  that  time  * 

Present  growing  stock  is  expected  to  increase  to  approximately 
12^  cubic  feet  per  acre  wTithin  the  next  12  years  without  the  recommended 
progran.  This  volume  of  growang  stock  will  support  an  average  cut  of 
33  cubic  feet  per  acre  per  year  indefinitely.  Installation  of  the 
recoramended  program  is  expected  to  increase  growing  stock  volume  to 
anproxiraately  1^200  cubic  .feet  per  acre  in  the  next  70  years  o This 
is  sufficient  growing  stock  volume  to  support  an  annual  cut  of  between 
U7  and  UC  cubic  feet  per  acre  per  year, 

Tne  value  of  the  yield  under  both  conditions  was  deterrained 
by;  (1)  coLiputing  total  cubic  foot  volume  of  yield  by  raultiplyring 
yield  per  acre  by  the  forest  acreage,  (2)  allocating  total  cubic  foot 
volume  of  3^ield  to  local  products  in  accordance  with  e:x)ected  distri- 
bution, (3)  applicatj.on  of  converting  factors  to  cubic  foot  vo fames 
allocated  to  specific  products  to  determine  number  of  units  of  such 
products  to  be  sold,  and  (U)  appteing  local  stunpage  prices  (long 
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Effect 


yi.eld  ?0  years 
in  table  f 


of  Program,  A comparison  of  tlie  value  of  the  e:-:pected 
hence  nith  and  iri-thout  the  recommended  program  is  shown 
■‘.e  estimated  fuoure  annual  benefit  from  installation  of 


:he  recoT.imended  -orogram  is  ^^6^2 .120 


SAVIT^GS  HJ  CROP  PirDUCTION  COOTS 
Apprai  w-al  Method*  The  program  incljdes  a rBduction  of  12358OO 
acres  (lle^  percent)  in  total  croplandc  Inasmuch  as  the  reconimended 
program  does  not  entail  increased  ex;3endit cores  for  seed;,  fertilizer 
or  lime  on  cropland^  there  will  be  considerable  savings  in  total 
growing  costs o 

The  per  acre  production  cost  on  i>he  cropland  converted  to 
other  uses  is  considerably  lower  than  the-  average  due  to  its  low 
econo uic  capacity  and  the  tendency?'  of  operators  of  such  land  to 
rcak-3  low  expenditures  for  fertilize r^  lime^  seed  and  other  physical 
incuts.  This  factor  was  taken  into  account  in  estimating  the  savings.!/ 
The  total  saosings  in  production  costs  on  cropland  is  partially  offset 
by  the  cost  of  harvesting^  storing  and  selling  the  increased  production 
resuluing  from  the  program 2/ 


1/  Growing  costs  per  acre  on  land  converted  to  other  uses;  Corn 

potatoes  wheat  $3.3. 61;;,  oats  $12.05^  barley  h''12,05j» 

hay  $2.91. 

Unit  costs  of  ham/esting^  storing  and  selling;  Corn  $0«3l/bu.5 
potatoes  vOc35/bu«;  tobacco  $C,8o/cwtc,  w^heat  oats 

|0.30/bUo,5  barley  $0o30/bu.,  hay  $10c37/ton« 
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Effect  of  Progmua  The  net  effect  of  decreased  total  growing 
costs  and  5.noreased  harvesting^  storing  and  selling  costs^  amounts  to 
a savings  of  $90'[jgb63  aniiuallyo  Of  this  amount about  60  percent  or 
is  ci*edj.tabl8  to  the  recoiniaended  program©  The  above  figure 
does  not  include  the  cost  of  growing  perennial  hay  inasmuch  as  this 
cost  is  included  in  the  installation  and  annual  operation  and  main- 
tenance costs  in  tables  11  and  12® 

OTHER  BEl'EFITS  NOT  EVALUATED 


Benefits  Resulting  from  Increased  Produot3.on  of  Cropj,_PaS’* 


tiu’o-,  and  Forest  Product-S/>  Inasmuch  as  increased  production  of  feed 

KOifc5C»af-C.  j*Sr». — - — * 


crops  was  evaluated  by  applying  the  market  price  of  feed  grains  to 
the  increased  production^,  additional  benefit  xvill  accrue  to  farmers 
through  the  returns  from  the  increased  livestock  nimibers  that  can  be 
supported  by  the  increased  feedo  In  addj-tion^  the  increased  pro- 
duction will  reduce  livestock  production  costs  through  providing 
more  home  gro^vn  feeds  and  the  improved  pastures  will  reduce  hay  and 
gx'ain  feeding  during  the  pasture  season©  Also^,  not  evaluated  is 
the  improved  qaalilty  of  roughages  which  will  reduce  e]-q)enditures  for 
pi'otein  concentrates  and  reduce  livestock  losses  due  to  dietary  de- 
ficiencies* 

The  increased  returns  to  processors .'^id  distributors^  to  be 
earned  from  handling  the  increased  production  of  crops,  livestock, 
and  forest  products  resulting  from  the  program,  are  not  included  in 
the  benefits  evaluate do 
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other  Benefits,  Other  benefits  due  to  decreasing  the  hazards 
of  floods  and  sedinentation,  but  not  eiqpressed  in  rionetaiy  tenas^  nTill 
occur  from  the  recomriiended  program.  Such  benefits  \rill  be  the  savings 
in  lives  and  mental  distress  and  the  increase  in  property  va.lues. 

Hie  re  will  be  benefits  from  ?-ncrease  in  fish  and  wildlife  ^ increased 
low  water  flow  of  streams  resulting  in  pollution  abatement,  conser- 
vation of  water,  fewer  interruptions  in  community  functions,  and 
other  benefits  that  are  more  or  less  intangible. 


Sllllilbr  OF  IIChSTAFY  BiNEFITS  OF  HIE  HECai-IEhDED  PHIGRAN 

Tlie  evaluated  luonetain^  benefits  attributable  to  the  recommended 
program  are  summarized  in  Table  6.  These  benefits  are  expected  to  be 
attained  when  the  program  reaches  m;aximui;i  effectiveness.  It  is  esti- 
mated that  openland  meas-'ores  will  reach  ma:d-mum  effectiveness  within 
five  years  after  installation,  bnile  forest  land  rr.easures  will  not 
becom.e  fully  effective  until  70  j^-ears  after  installation,  7^  percent 
of  these  benefits  x-jill  be  attained  30  years  after  installation.  The 
additional  measures  will  be  fully  effective  immediately  follox-jing  their 
installation. 


GOST  OF  TEE  RECChnEITDED  PITGRAI-I 
Costs  of  the  recommended  prograi?.  accc^ont  for  all  erqDendi- 
tures  required  to  :lnstall,  maintain,  or  operate  tlia  remedial  meas- 
ures. Materials  and  eq^oipment  supplied  by  landoirners  or  operators 
and  unpaid  family  labor  are  included  as  prograiTi  coses.  Maintenance 
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Table  6.  Est-iiaated  Average  Annuel  Konetary  Benefit 
Frori  the  RecoriJuended  Program 
Lower  Susquehanna  River  Watershed 


lype  of  Benefit  \ 

Average  Annu 

al  Benefit 

l 

(doll 

ars) 

\ 

Redi’ction  in  Damage  Due  to  Inundation  i 

Agricultural  ■ 

3055 

Won -Agricultural  ! 

3,^,3h9 

i 

Subtotal  \ 

\ 

39  noil. 

Reduction  in  Damage  Due  to  Sediment  1 

Channel  Sedimentation  ; 

12,312 

i 

Elgniis.y  Sedimentation  i 

( 

30,060 

Water  Supply  Pollution  ‘ 

h,9^0 

i 

Reservoir  Sediiiientation  | 

3,20h 

i 

Subtotal  I 

55,526 

Reduction  , in  Damage  Du.e  to  Erosion  | 

2,031,900 

Land  Enhancement  , , - | 

u3,9U 

Other  Benefits  1/  • • j 

i 

I 

Increased  Crop  Production  | 

1 

2,lil|2,l61| 

Increased  ;’asture  Production  I 

! 

596,22^4 

Increased  Woodland  Production  1 

692,120 

Savings  in  Production  Costs  | 

553, 5ie 

V 

\ 

Subtotal  ; 

li,27li5026 

TOTAL  i 

6,[;64,700 

1/  Benefits  which  accrue  to  the  oruers  and  operators  of  the  land  on 


which  the  recomr-.ended  program  is  installed* 
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and  operation  of  the  measures  are  computed  in  terms  of  annual  costs, 

LAI^D  liEASURES  AND  PRACTICES 

C ompu ta tion  Me thod . Costs  of  specific  measures  were  deter- 
m.ined  by  app3.ym^g  unit  costs  of  tlie  raeasures  to  the  nriaber  of  mits 
•to  be  installed  in  the  watershed » The  unit  costs  of  measures  were 
deteniined  by  application  of  projected  long-term  prices  of  labor^ 
equipment,  and  materials  to  the  average  quantity  and  type  of  each 
required,  Rie  prices  and  costs  used  for  the  individual  items  are 
shoT'-jn  in  Table  ?•  Soil  Conservation  Se]nn.ce  and  Forest  Service 
records  of  ooerations  were  used  in  deterrrdning  quantity  and  types 
of  labor  equipment,  and  materials  required*  Supplementary  data 
were  obtained  from  other  federal,  state,  and  local  agencies. 

Educational  costs  are  based  on  an  estimate  made  from  infor- 
mation supplied  by  the  Extension  Ser-'/ice  of  Pemsylvania  and  Haryland* 
The  installation  costs  of  the  indi-vi-dual  measures  include  the 
cost  of  educational  assistance,  technical  services,  and  adininistration 
of  direct  aids.  'Tliese  costs  were  computed  separately  and  then  comibined 
with  costs  01  labor,  equipment,  and  materials  for  the  individual 
measures . 
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Table  7o  Prices  Used  in  Coirputing  Costs 
Lower  Sr.sqnshanna  River  Wateraaed 


I teiTi  - 

i 

Unit 

! 1 

1 Dollars  Per  UrJ.t 

Fai-m  Labor 

1 

Hour 

i o72 

Farxii  Tractor  and  Operator 

! Hour  ' 

? ! 

i 

1 

Farm  Truck  and  Operator 

^ j 

1 Hour 

i o 

HaPc  Tractor  and  Operator  j 

! ti  ’ 

Hour  i 

1 j 

\ 6368 

Motorized.  Grader  acid  Operator  | 

j Hour 

1 

; 7.21 

Stcnsboat  i 

i 

1 1 

1 Hour 

i '■ 

I oh$ 

Fertilizer  (Hay)  | 

1 i 

j Pound  I 

\ 0OI7 

! 

! I1064 

1 

Lime 

1 

1 i 

1 Ton  i 

i 

j 

Fence  Post  | 

1 

1 i 

1 Each  ! 

1 i 

Barbed  Wire  | 

1 Rod  ! 

1 j 

1 

1 c31 

VuHch  1 

1 Ton  j 

! 25=80 

t 

1 

Hay  Seed  j 

i 

i . 1 

! Pound. 

1 

j 

Tree  Seedlings  ! 

1 

i M 1 

80S0 

Concrete  (.formed)  | 

' j 

Yard  j 

1 97o90 
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Cost  Pis trihuti on ^ 

'Ihe  totnl  dnistallation  cost  of  the  land  treatrp.ent  practices 
and  measures  is  5208a  The  distribution  of  this  cost  is  shoun 


in  Table  80 


Table  8s  Cost  Distribution 
Land  'freatment  Practices  and  Measures 


Lowe 

;T  Susquehann 

a River  TJaterc 

sned 

i Federal 

Other  Public 

Private 

. 

Total 

Land  Treatment 

Installation 

3,719,8631/ 

22O5OI2 

1,130,509 

Adiiiini  s tr  a tion 
of  Direct  Aids 

330,935 

330,935 

Technical 

Services 

I56785867 

I3C5O22 

158085889 

Educational 

Assistance 

3^h,000 

351,000 

7O85OOO 

TOTAL 

6,113,665 

701,031 

1,130,509 

II52U852O8 

1/  Includes  incentive  payients^  materials  and  special  equipment 


The  Federal  Government  >ji.ll  bear  up  to  one -half  the  cost  of 
technical  services  needed  to  cany  out  the  recosimended  forest  land 
program.  State  and  other  public  agencies  x:ill  bear  the  balance  of 
this  cost.  Fne  Federal  Government  will  also  pa3^  ii.7.6  percent  of 
the  cost  of  planting  trees  on  private  land  and  ?2,|p  percent  of  the 
cost  of  fencing  forest  land  from  grazing.  The  percentages  of  Federal 
and  other  public  costs  shown  above  are  in  line  with  present  ex- 
penditures for  these  measin’es  under  "going"  programs. 
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The  correction  of  unsatisfactory  watershed  conditions  on 
logging  roads  and  skid  trails  now  in  use  or  abandoned  will  be  a 
Federal  cost  ^ The  Federal  Government  will  also  bear  the  additional 
cost  necessary  to  bring  the  standards  of  logging  roads  to  be  con- 
structed during  the  installation  period  up  to  a level  satisfactory 
for  good  watershed  management o Tne  immediate  benefits  from  the  road 
stabilization  program  x^ill  be  to  the  general  public  in  the  form  of 
lowered  flood  peaks  and  reduction  of  sedimentation  * Tne  benefits 
to  the  individual  land  oTner  mil  be  relatively  small  and  so  long 
delayed  as  to  be  unattractive  to  private  capital • For  these  reasons 
it  is  proper  that  the  public  should  bear  the  cost* 

'Ihe  Federal  Government  will  bear  tlie  cost  of  improved  forest 
management  on  federally  oxmed  lands . 

State  and  other  public  agencies  wmll  bear  the  costs  of  in- 
stalling the  above  practices  on  state  and  other  public  lands  and 
will  bear  about  23  percent  of  the  cost  of  tree  planting  on  private 
land. 

Private  interests  will  pay  all  the  costs  of  cultural  oper- 
ations except  technical  services  on  private  forest  land  not  in  farm 
ox-jnersliio.  Farmers  x-7ill  pay  2?. 5 percent  of  the  cost  of  fencing 
fam  forests,  and  29 «h  percent  of  the  cost  of  planting  forest  trees. 

The  total  cost  of  public  acquisition  of  approxiaately  5^000 
acres  of  critical  watershed  lands  is  based  on  an  estimated  average 
cost  of  $5*1^  per  acre.  Public  agencies  will  bear  the  cost  of 
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acquisition  and  the  cost  of  the  necessary  improvement  and  management 
measures.  The  cost  to  the  Federal  Government  involves  on3.y  the  cost 
of  locating  and  delineating  such  critical  areas. 

Maintenance  and  Operating  Costs . 

Maintenance  and  operation  costs  of  the  land  treatm.ent  pro  grain 
were  computed  by  applying  unit  costs  of  maintenance  and  operation  to 
tie  quantities  of  the  measures  to  be  installed.  The  unit  costs  xi^ere 
developed  in  a m.anner  sinh-lar  to  that  used  for  installation  costs. 

The  maintenance  and  operation  costs  reflect  the  additional  cost  of  farm 
operations . 

The  cost  of  annual  maintenance  is  estimate  d.  at  $1,113,856. 

It  is  eozpected  that  1.3  percent  of  this  x-jill  be  borne  by  the  Federal 
Government,  1,L  percent  by  state  and  local  public  agencies,  and  the 
balance  of  97^3  percent  by  local  landowners  and  operators. 

ADMIT IGNAL  MEASUFFS 

Diking, 

Estimated  installation  costs  of  approximately  1.7  miles  of 
diking  are  as  follows: 
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Table  9*  Installation  Cost  of  Diking 
LoT-jer  Susauehanna  River  Watershed 


Item 

Federal 

Non -Federal  Cost 

Total 

Cost 

Public 

Private 

Cost 

(dollars) 

(dollars) 

(dollars) 

(dollars) 

Construction  Cost 
Easements  and  Rights- 

10,663 

9,731 

307 

: 

20,701 

of -Way 5 etc. 
Engineering,  Super- 

583 

583 

vision,  etc. 

3,193 

- 

3,?^93 

Contingency 

1,639 

l,5o6 

U8 

3,193 

TOTAL  i 

I5,ii95 

11,237 

938 

27,670 

I 


The  estimated  average  annual  maintenance  cost  of  this  measure 
is  ^1^377«  Tlie  life  expectancy  of  the  diking  has  been  calculated  and 
an  amomt  is  included  for  the  reconstruction  of  individual  items  as 
they  become  inadequate  or  destroyed.  It  is  expected  that  the  total 
maintenance  cost  will  be  borne  by  local  interests  and  vrlll  be  adiuin- 
istered  by  a local  agency  or  agencies  acceptable  to  the  Cecretaigr  of 
Agriculture . 

Stream  Channel  Improvement . 

Estimated  installation  costs  of  approximately  10 1+  miles  of 
stream  channel  improvemient  W3.th  the  necessary'’  lateral  drainage  for 
prevention  of  damages  associated  nith  overflow  and  sedinentation  are 
as  follows: 
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Table  10.  Installation  Cost  of  Stream  Channel  Improvement 
Lower  Susqiieherma  River  Watershed 


Item 

j Federal 

Non -Federal  Cost 

I 

Total 

Cost  1 Public 

Private 

Cost 

(dollars) 

(dollars) 

(dollars) 

(dollars 

Construction  Costs 

10,851; 

ii6,U5 

227,!ili3 

Easements  and  Rights - 
of -Way 5 etc. 

- 

112 

31,031; 

31,lU6 

Engine ering.  Super- 
vision, etc. 

iiO,826 

35U 

- 

[11,180 

Contingency 

17,368 

l,86o 

22,166 

111, 391; 

TOTAL 

156,338 

13,180 

171,6Ij5 

3l;l,l63 

The  estimated  average  annual  maintenance  and  operation  cost 
of  this  measure  is  $15;236.  It  is  e:q3ected  that  this  vjill  be  borne 
by  local  interests  and  will  be  administered  by  a local  agenc37'  or 
agencies  acceptable  to  the  Secretary  of  Agricultrore . Included  in 
the  maintenance  costs  is  the  cost  of  the  necessaiy  inspections. 

Ihe  life  expectancy  of  the  imorovements  has  been  estimated^  and  an 
amount  included  for  the  reconstruction  of  individual  items  at  the 
end  of  their  estimated  life. 

The  distribution  of  the  installation  and  maintenance  costs 
of  the  individual  practices  and  ne  asures  is  shoxrn  in  tables  11  and 
12. 
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Table  12,  Quantities  and  Distribution  of  Annual  Operation  and  Maintenance  Costs 

of  the  Keconimended  Program 
Lower  Susquehanna  Paver  Watershed 


VI 
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CCM?ARISC1\I  OF  BEUEFITS  .^ND  COSTS  OF  IMF  RECCIflENDED  PROCtRAM 

Benefits  and  costs  were  computed  separatelj'-  for  the  land  treat- 
ment measures  and  practices  and  the  additional  measures o A3.1  benefits 
and  costs  of  the  recoiomended  program  were  based  on  projected  long-term 
prices  as  shown  below: 

U,  Ss  Projected  Long-Term  Price  Indexes 


Construction  Costs 
tliolesale  Lumber  Prices 


h2h  (1913  « IOC') 
250  (1926  = 100) 


Prices  and  Rates  Paid  Fanners  In- 
cluding Interest,  Taxes,  and  names  215;  (I910“]i;  e 100) 

Prices  Received  by  Farmers,  All 

Products  213  (1910-la  “ 100) 


To  compare  benefits  with  costs,  all  values  were  ex]Dressed  in 
annual  terns.  In  converting  installation  costs  to  annual  values, 

2-J-  percent  and  ii  percent  interest  rates  were  used  respectively  for 
public  and  private  expenditures.  For  those  measures  where  a significant 
delay  is  expected  between  the  time  cf  the  expenditure  and  the  accrual 
of  benefit,  discounting  was  employed  using  interest  rates  cited  above. 
Land  Treatment  Measures, 

In  developing  land  treatment  measures,  the  aim  was  to  include 
only  those  measures  whose  benefits  were  in  excess  of  costs.  However, 
because  of  the  interdependency  of  many  individual  measures  it  was 
necessaiy  to  compute  benefits  for  groups  of  meas^ores. 

In  deterraining  the  benefit-cost  ratio,  discoimiting  xvas  used  in 
evaluating  benefits.  Cpenland  program  measures  will  be  full^/  effective 
within  five  years  after  installation.  Forest  land  measures  will  not 
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become  fully  effective  until  70  years.  However,  7^  percent  of  the 
full  reduction  in  flood  dairiage  accruing  to  forest  land  x-jill  be  at- 
tained 30  years  after  Installation  Xiritli  full  benefit  in  70  years. 

In  the  case  of  increased  forest  production  about  ^0  percent  of  the 
maximum  annual  growth  X'jill  be  attained  by  the  1+0 th  year  after  in- 
stallation and  the  full  annual  growth  i.n  the  70th  year.  In  es- 
timating the  rate  of  benefit  accrual  from  increased  forest  production, 
due  allowance  was  made  for  the  resernration  of  growing  stock.  This 
amount  was  sufficient  to  build  up  stand  stocking  to  a level  high 
enough  to  produce  the  indicated  volume  per  acre  at  current  growth  rates# 
It  is  estimated  that  for  the  first  13  years  there  x^rill  be  no  increase 
in  benefits,  for  the  next  27  years  the  increase  will  be  at  the  rate 
of  $11,666.,  for  the  next  10  2'ears  the  rate  of  increase  xjill  be  $30,685*, 
and  for  the  next  20  years  the  increase  will  be  at  the  rate  of  63,u82. 

The  annual  e:q)enditiure  for  timber  marlcing  x-jill  reach  75  percent  of  the 
maximxxm  x-jithin  30  years  and  the  full  amount  of  the  expenditure  by  the 
70th  year.  This  cost  was  discounted  to  convert  to  an  average  annual 
value , 

Other  operating  and  maintenance  costs  x-jere  not  discounted. 

All  discounted  values  are  shown  in  Tables  13  and  lU, 

Additional  Measures. 

In  determining  the  additional  measures  to  be  recominended, 
benefits  and  costs  xjere  computed  for  each  speciiJTic  measure,  and  only 
those  measures  x;ith  benefits  in  excess  of  costs  were  recommended. 
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Table  13*  Derivation  of  Average  Annual  Equivalent  Cost  Values 

of  Land  Treatment  Measures  for  Benefit/Cost  Comparison 
Lotfjer  Susquehanna  River  Watershed 


i installation  Cost 

Iteifi 

i 

i 

i 

1 Initial 

Average  An- 
nual Equi- 
valent 1/ 

Annual  Op- 
erations & 
Maintenance 
Cost 

Total  Aver- 
age Annual 
Equivalent 
Cost 

Ooenland 

I (dollars) 

i 

(dollars) 

(dollars) 

(dollars) 

Federal 

5,W2,e85 

136,072 

- 

138,072 

Other  Public 

321132 

8,036 

I 

8,036 

Private 

Ii,  273, 730 

171,029 

1,036,095  1 

1,207,123 

Subtotal 

10,120,047 

317,137 

1,036,091 

1,353,231 

Woodland 

I 

r 

1 

TiiTiber  Markings 

2/ 

I 

j 

Federal 

** 

5,905  1 

5,905 

Other  Public 

6,258  1 

6,218 

Private 

- 

i 

12,655  \ 

12,655 

Other  Costs 

! 

( 

Federal 

390,780 

4,769 

1,869  1 

19,638 

Other  Public 

332,602 

9,563 

5,355  i 

15,099 

1 

Pri-'/ate 

13U, 779 

6,191  1 

21,669  } 

27.860 

Subtotal  1 

3.,  128,161 

30,323  i 

56,879  i 

67,505 

TOTAL  I 

11, 218,208 

357,662  ! 

1,092,973  1 

i,i(5o,63S 

1/  Conversion  Factors  Public  Costs  @ 2-|p  interest,  private  @ in- 
terest , 


'y  Discoijinted  Values-;  Costs  increasing  uniformly  for  30  years  when 
75m  of  rriaximuLi  is  reached  and  ccntniuing  to  increase  unifoimly 
until  the  70th  year  when  the  full  annual  exioenditijire  is  reached* 
Public  costs  were  discounted  at  interest  and  private  costs  at 
4p  interest.  The  ina^rlmuia  annual  costs  are  federal  $9,631;  other 
public  $10,193;  sjod  private  $25,866* 
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Table  lli*  Derivation  of  Average  Annual  Equivalent  Benefit  Values  of 
Land  Treatment  Measures  for  Benefit/Cost  Comparison 
Lower  Susquehanna  River  Watershed  


Kind  of  Benefit 

Maximuii  1/ 
Avera.ge 
Annual 
Benefit 

Discount 

Rate 

Discounted 
Value  of 
Average  An- 
nual Benefit 

(dollars) 

(percent) 

(dollars) 

Reduction  of  Inundation  D-amage 

Open land 

23; 376 

22,263  2/ 

Woodland 

9;092 

2^ 

5,573  y 

Subtotal 

32,l;68 

27,336 

Reduction  of  Sediment  Damage 

Channel  Sediiaentation 

12,312 

2i- 

11,726  2j 

Highway  Sedimentation 

30,06C' 

W 

28,629  2/ 

Water  Supply  Pollution 

U950 

2f 

h,nh  2/ 

Reservoir  Sedimentation 

8,20U 

2f 

7^2  y 

Subtotal 

^5,526 

52,882 

Reduction  of  Erosion  Dam.age 

2,031; 900 

h 

l,88l,U99  y 

Other  Benefits 

Increased  Crop  Production 

2 , l\.h2 , l6I|. 

h 

2,261,395  y 

Increased  Pasture  Pi-oduction 

596X2ii 

h 

552,091  2/ 

Increased  Woodland  Production 

692,120 

h 

166,100  y 

Savings  in  Production  Costs 

U3W18 

h 

503,287  2/ 

Subtotal 

hj2]h_,026 

3,882,573 

TCiTAL 

6,393;9?a 

5,885,090 

1/  Benefit  aco'.ual  when  prograi 

n is  full3^ 

if ective  a 

2/  Benefit  iii.creasing  unifonnly;,  reaching  the  maximum  in  5 years  after 
installation , 


3/  Benefits  irK.ir'easing  unifomly^  reaching  of  maximum  within  30 
~ years  and  cnntinrlng  to  increase  uniforrr.lyy  until  the  seventieth 
year  x^hen  tire  maximum  annual  benefit  is  attained^ 

\x!  Ma.-;cLm'um  annual  benefit  will  be  realized  gradually  over  70  years. 
For  the  first  13  years  there  xjill  be  an  increase  in  benefits^,  for 
the  next  27  years  the  annual  rate  of  increase  will  be  $115666,  for 
the  next  10  years  the  annual  rate  of  increase  will  be  $30,68p  and 
for  the  next  20  years  the  annual  rate  of  increase  will  be  $3>U82* 
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The  annual  equivalents  of  costs  and  benefits^  as  nell  as  the  benefit- 
cost  ratios  are  shoi-jn  in  Table  l5  for  those  additional  measures  in- 
vestigated and  found  to  be  justified « Annual  equivalents  of  benefits 
and  costs  cf  the  total  quantities  of  additional  measures  recommended 
are  shOTvn  in  Table  l6» 

Benefit-Cost  Ratjoso 

The  ratio  of  benefits  to  costs  for  the  recorniended  program 
is  3o7h  to  1.  The  benefit-cost  ratio  for  the  land  trea'ijnent  measun’es 
is  3-7S  to  1 and  for  the  additional  measures  is  1.79  to  1,  The 
average  annual  equivalents  of  benefits  and  costs  used  to  calculate 
these  ratios  are  shovjn  in  Table  17. 
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Table  Additional  Koasui'es  « Aimual  Equivalent  Cost  and  Benefit  «» 

Eenefit-«Gost  Ratio 
I.ower  Susquehanna  River  Watershed 


" I T 

Qi:antity 

Annual 

Annual  f Benefit* 

Type  of  Measure  and  Location 

in 

Equivalent 

iEqui valent  5 Cost 

Lineal  Feet 

Costs 

1 Benefit  J Ratio 

(dollars) 

(dollars) 

Streain  Channel  Iinprovement 

Conestoga  Creek 

6,01,2 

2jisS3 

3,lS9 

lc29"l 

SarrjlG  Watershed  lJdr» . I*--6]4  l/ 

250 

6 

1 9 20*1 

W09  I«73 

5^0 

19 

: 62 

3o26-X 

Mg9  1-92 

17,,  613 

637 

' ].,.ijii 

2c22*l 

Noo 

!+,6'67 

lli2 

: 173 

1,22-1 

N00IIWO6 

85  2^0 

us 

i Sh9 

i lc23«l 

NooIII«319 

700 

161 

' 2li5 

1,52-1 

MooIII-31^14. 

3^700 

2l|8 

536 

. 

' 2el6*l 

NooIII»352 

5,,  700 

136 

316 

2o32«l 

Noc>III-390  ’ 

3,1,30 

1$6 

325 

2a08-l 

Diking 

Conodoquinet  Creek 

250 

101 

1C6 

1.05-1 

South  Branch  Godorus  Creek 

125 

50  ; 

69 

1,36*1 

Sample  Watershed  No.::; III«319  1/ 

700 

161  1 

2\6  \ 

1®^2*"1 

1/  Data  were  expanded  to  representative  area® 
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Table  l6.  Annual  Equivalents  of  Costs  and.  Benefits 
of  the  Two  Groups  of  Additional  Measures 
Lower  Susquehanna  River  Watershed 


Item 

Channel  Improvement 

Diking 

Costs 

(dollars) 

— 

(dollars) 

Listallation; 

Federal 

156,338 

I5,!i95 

Other  Public 

13,180 

11,237 

Private 

I71,61t5 

938 

Total 

31j1,163 

27,670 

Maintenance: 

Private  ( Total) 

19,236 

1,377 

Total  Annual  Equiva- 
lent Cost 

26,3liO  1/ 

2,083  1/ 

Benefits 

Flood  Damage  Reduction 

3,723 

3,113 

Land  Enhancement 

U3,9hh 

Total  Annual  Benefit 

W,66? 

3,113 

Benefit/Cost  Ratio 

1.81  to  1 

l.Ii9  to  1 

1/  Sum  of  annual  maintenance  cost  and  annual  equivalent  value  of  in- 
stallation cost.  Public  and  private  installation  costs  were  con- 
verted to  average  annual  equivalent  values  by  using  2-|  percent  and 
h percent  interest  rates  resnectively. 


- 39 


. . “ 


/ * • / 


{k  „ 

t * 

.■ 

^CJavJhl^ 
*.  fsVJT^ 


I 


I 


VI 


Table  17 « Benefit-Cost  Ratios  of  the  ReconTruended  Prograra 

By  Groups  of  Pfeasures 
Lower  Susquehanna  xRiver  Watershed 


of  Neasure 

Aruiual 
Benefit  1/ 

Annual 
Cost  1/ 

Benefit-Cost 

Ratio 

(dollars) 

( dollars ) 

Land  Treatment 

l^khP}63^ 

3o7G  to  1 

Additional  Measures 

Channel  Hiprovement 

U7,667 

26,31:0 

I08I  to  1 

Diking 

3A13 

2,083 

1,^9  to  1 

Subtotal 

^0^760 

28,a23 

1.79  to  1 

All  Measures 

i,h9i,Q70 

1;!40?,038 

3o7h  to  1 

1/  Discoimted  values. 
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